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This  r e p o r t  covexs a summary of t h e  p r i n c i p l e s ,  t echniques ,  and ap- 

proaches used i n  teaching  a course i n  space  s y s t e m  engineer ing ,  Most of 

i t  was prepared by t h e  f i f t e e n  p r o f e s s o r s  who p a r t i c i p a t e d  i n  t h e  NASA- 

Stanford  Tra in ing  Program duping t h e  summer of 1966. This  summary w a s  

e d i t e d  by t h e  S tanford  s t a f f .  During a pe r iod  of 10 weeks t h e  p ro fes so r -  

t r a i n e e s  c a r r i e d  oat a system engineer ing s tudy  of ICARUS, an advanced 

solar probe t o  exp lo re  t h e  region of t h e  s o l a r  system between 0.1 AU and 

1 AU. 

During t h e  PO-week summer s tudy t h e  p a r t i c i p a n t s  encountered similar 

problems and d i f f i c u l t i e s  as wel l  as success fu l  achievements as are nor-  

mally m e t  by t h e  g radua te  s tuden t s  over  a 15- t o  20-week course  du r ing  

t h e  school yea r .  Thus they obtained a good a p p r e c i a t i o n  of what i s  i n -  

volved i n  o f f e r i n g  similar programs a t  t h e i r  home schools .  

S ince  t h e  programs of fered  over  t h e  p a s t  f o u r  yea r s  a t  MIT and a t  

S tanford  have d i f f e r e d  i n  some of t h e  d e t a i l s ,  t h e  procedures  descr ibed  

i n  t h i s  r e p o r t  r ep resen t  an average s i t u a t i o n .  Each school  w i l l  undoubt- 

edly vary i t s  method of opera t ion  i n  some r e s p e c t s .  
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. 
I 

I .  INTRODUCTION 

A ,  HISTORICAL BACKGROUND 

Some experimental  p r o j e c t  courses  have been conducted du r ing  t h e  p a s t  

f o u r  yea r s  a t  MIT and Stanford  Un ive r s i ty  i n  t h e  des ign  of r e l a t i v e l y  

conrplex engineer ing  s y s t e m s .  These p r o j e c t s  u t i l i z e d  teams of graduate  

s t u d e n t s  from many d i s c i p l i n e s  o f  engineer ing  superv ised  by f a c u l t y  ad- 

visors and a s s i s t e d  by outs tanding  lecturers from i n d u s t r y  and government. 

P a r z i c i p a t i o n  i n  t h e s e  system-engineering p r o j e c t s  has proved t o  be 

h igh ly  rewarding for both f a c u l t y  and s tuden t s .  These p r o j e c t s  turned 

o u t  t o  be e x c e l l e n t  ways f o r  f ind ing  unsolved problems on t h e  f k o n t i e r s  

of technology; they provided oppor tun i t i e s  f o r  t h e  g radua te  s tuden t s  t o  

f i n d  u s e f u l  engineer ing  research  t o p i c s  and t o  exercise ingenu i ty  i n  t h e  

des ign  of c l e v e r  s o l u t i o n s  f o r  t h e s e  unsolved problems. 

The fo l lowing  approach has been used a t  MIT and a t  S tanford  dur ing  

t h e  p a s t  fou r  years .  Three t o  f i v e  p r o f e s s o r s  from such f i e l d s  as aero-  

a s t r o n a u t i c s ,  ins t rumenta t ion  eng inee r ing ,  mechanical engineer ing ,  elec- 

t r icax  engineer ing ,  and i n d u s t r i a l  engineer ing  served as f a c u l t y  adv i so r s  

to t h e  class. One of The p ro fes so r s  w a s  o v e r a l l  o rgan ize r  and coordina-  

tor of t h e  p r o j e c t .  The adv i so r s  s e l e c t e d  a class p r o j e c t  which m e t  t h e  

s p e c i f i c a t i o n s  t h a t  i t  r ep resen t  a complex engineer ing  s y s t e m  not  y e t  de-  

s igned nor i n  e x i s t e n c e  but  which g ives  promise t h a t  i t  could be clesfgzed 

wi th  t h e  currenx technology and which would s a t i s f y  an important  need of 

s o c i e t y  

The s i z e  of t h e  c l a s s e s  has va r i ed  from 30 t o  60 s t u d e n t s .  Most of 

them have been graduate  s tuden t s  from engineer ing  and sc i ence .  I n  addi -  

t i o n ,  a few s t u d e n t s  from such departments  as Engl i sh  and Philosophy have 

p a r t i c i p a t e d  on t h e  e d i t o r i a l ,  p lanning ,  and eva lua t ion  f u n c t i o n s .  The 

course  d u r a t i o n  has been one semester a t  M I %  and two q u a r t e r s  a t  S tanford .  

About ha l f  of t h e  l e c t u r e s ,  d e a l i n g  wi th  fundamental  p r i n c i p l e s ,  were 

g iven  by t h e  academic s t a f f  of t h e  u n i v e r s i t y ;  t h e  o t h e r  ha l f  d e a l i n g  

w i t h  t h e  s t a t e - o f - t h e - a r t  of t h e  technology,  were presented  by engineers  

from i n d u s t r y  and goternment. The s t u d e n t s  devoted 12 hours per  week t o  

t h i s  p r o j e c t  (two af te rnoons  of t h r e e  hours each i n  class and s i x  hours 

pe r  week t o  d i r e c t  p r o j e c t  work). They organized t h e  work under s tuden t  
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group l e a d e r s  of t h e i r  own choosing and changed group l e a d e r s  every  f o u r  

weeks t o  provide t h e  oppor tun i ty  f o r  p r o j e c t  management t o  a l a r g e  pe r -  

cen tage  of t h e  s t u d e n t s ,  One s t u d e n t  served as p r o j e c t  manager f o r  each 

four-week per iod .  

A t  t h e  conclusion of t h e  s tudy ,  t h e  s t u d e n t s  presented  a three-hour  

b r i e f i n g  of t h e i r  conclus ions  t o  l e a d e r s  from i n d u s t r y  and government, 

i nc lud ing  t h e  l e c t u r e r s  who had i n i t i a l l y  con t r ibu ted  t o  t h e  course.  I n  

a d d i t i o n ,  they publ ished a r e p o r t  of about 300 pages summarizing t h e  con- 

c l u s i o n s  and recommendations of t h e i r  s t u d i e s .  

B. COURSE OBJECTIVES 

The purpose of a s y s t e m s  engineer ing  course  i s  t o  g i v e  s t u d e n t s  ex- 

pe r i ence  i n  and an a p p r e c i a t i o n  of t h e  o v e r a l l  problems i n  c a r r y i n g  out 

t h e  pre l iminary  des ign  of a t y p i c a l  complex engineer ing  system, whi le  a t  

t h e  same t i m e  permi t t ing  them t o  examine i n  d e t a i l  a t  least  some novel  

a spec t s  of t h a t  system. 

Many engineer ing s t u d e n t s  i n  today ' s  u n i v e r s i t i e s  are no t  aware of 

t h e  problems involved i n  pursuing an i d e a  from concept ion t o  r e a l i s t i c  

des ign .  They apprec ia t e  l i t t l e  of t h e  i n t e r d i s c i p l i n a r y  a s p e c t s  of a 

des ign  s tudy .  A system engineer ing  cour se ,  pa t t e rned  a f t e r  t h e  MIT - 
Stanford  p r o j e c t s  helps  t o  remedy t h e  s i t u a t i o n  by p l a c i n g  t h e  p a r t i c i -  

pant  i n  a real  l i f e  engineer ing  environment. Some of t h e  b e n e f i t s  of 

t h i s  approach, many of which are  d i f f i c u l t  t o  i n c o r p o r a t e  i n t o  normal 

engineer ing  courses, a r e  as fo l lows  : 

1. 

2. 

3. 

4 .  

5. 

6 .  

7. 

A s t u d e n t ' s  understanding of t h e  engineer ing  p r o f e s s i o n  i s  broad- 
ened by h i s  p a r t i c i p a t i o n  i n  t h e  des ign  of an o v e r a l l  system. 

An oppor tuni ty  f o r  c r e a t i v e  engineer ing  i s  presented .  

A p a r t i c i p a n t  develops more enthusiasm f o r  engineer ing .  

A s t u d e n t  is exposed t o  t h e  s o c i a l ,  economic, and p o l i t i c a l  a s p e c t s  
o f  engineer ing.  

A s t u d e n t  p a r t i c i p a t e s  i n  t h e  p r e p a r a t i o n  of a r e p o r t  which i s  
publ i shed  and presented  o r a l l y .  

The course  o f f e r s  real oppor tuni ty  f o r  u s ing  and i n t e g r a t i n g  mate- 
r i a l  learned i n  ear l ie r  courses .  

A p a r t i c i p a n t  d i scove r s  how l i t t l e  i s  known a t  some of t h e  f r o n t i e r s  
of technology. H e  t h u s  recognizes  t h a t  he can s t i l l  make some i m -  
p o r t a n t  con t r ibu t ions  t o  engineer ing.  
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a, 

9.  

10 D 

11 0 

l a  0 

A p a r t i c i p a n t  l e a r n s  t h e  importance of fundamentai p r i n c i p l e s  
through t h e i r  a p p l i c a t i o n  t o  complex des ign  problems. 

The need f o r  and d i f f i c u l t y  of problem d e f i n i t i o n  and modeling 
arises. The p a r t i c i p a n t  i s  fo rced  t o  ques t ion  many a u t h o r i t i e s  
t o  o b t a i n  answers both i n  person and through t h e  l i t e r a t u r e .  

The i d e a  of team p a r t i c i p a t i o n  and t h e  systems concept are i n t r o -  
duced ., 

Communications between members of t h e  va r ious  d i s c i p l i n e s  widens 
t h e  hor izons  of t h e  s tuden t s .  

Oppor tun i t i e s  arise f o r  f ind ing  promising r e sea rch  t o p i c s  and f o r  
developing new design concepts and inven t ions ,  

The l i s t  i s  no t  complexe but  s e rves  as a guide  t o  goa l s  which should be 

s e t  f o r  t h e  course .  R e a l i s t i c a l l y  no one course  i s  l i k e l y  t o  achieve 

a l l  t h e  goa l s  s e t  f o r t h  above; however, success  i n  only  a few of them w i l l  

j u s t i f y  t h e  course ,  

C ,  RELATIONSHIP TO ACADEMIC CURRICULUM 

I t  has been suggested t h a t  a systems engineer ing  course  i s  b e s t  s u i t e d  

for s e n i o r s  and g radua te  s t u d e n t s ,  i n  o rde r  t o  make u s e  of t h e i r  p rev ious  

formal  classsoom t r a i n i n g  i n  basic engineer ing  fundamentals.  Thus i t  

might be advantageous i f  t h i s  course  were used i n  p l a c e  of t h e  t y p i c a l  

"Senior P r o j e c t e f t  Another a l t e r n a t i v e  i s  t o  u s e  t h e  course  i n  t h e  f i f t h  

year  of s t l i l y  i n  p l a c e  of t h e  masf,er's t h e s i s .  Of cour se ,  t h e  t i m e  a l -  

lo tment ,  c r e d i t s :  and r e l a t i o n  t o  t h e  o v e r a l l  curr iculum must be  t a i l o r e d  

t o  each s c h o o l ' s  requirements  and po l i cy .  To d a t e ,  a t  both MIT and Stan-  

f o r d .  t h e  course  has  been o f fe red  a t  t h e  g radua te  l e v e l  €or t h r e e  hours 

of c r e d i t  w i th  s i x  hours of scheduled class meeting per  week. S tanford  

uses  two q u a r t e r s  - MIT one semester.  

I t  i s  gene ra l ly  agreed t h a t ,  p a r t i c u l a r l y  i n  a graduate  program, it 

i s  important  t o  i nc lude  szudents from many d i s c i p l i n e s  and w i t h  va r i ed  

backgrounds, S t u d e n t s  fxoa  Mathematics, Phys ic s ,  Engineer ing,  Bus iness ,  

and Socia l  Sciences should f ind  a s y s t e m  engineer ing  program of g r e a t  i m -  

po r t ance  i n  t h e i r  o v e r a l l  ?Jniversit.y t r a i n i n g ,  

For example, i n  t h e  1965-66 Stanford  P r o j e c t ,  SPINMAP (an  i n t e r n a t i o n a l  

wear;hes f o r e c a s t i n g  s a t e l l i t e  syszem) 

very  u s e f u l  information on t h e  i n t e r n a t i o n a l  legal problems. P a r t i c i p a n t s  

a g radua te  Law s t u d e n t  con t r ibu ted  

- 3 -  



from food technology and t h e  bus iness  school  s t u d i e d  t h e  economic va lue  

of improved weather f o r e c a s t i n g ,  and s t u d e n t s  from i n d u s t r i a l  engineer ing  

eva lua ted  t h e  cost /benef  i t  r a t i o s  of improved weather f o r e c a s t i n g  systems 

One key t o  a program of t h i s  type  i s  t h e  p a r t i c i p a t i o n  of f a c u l t y  

members who a re  imagina t ive  and g r e a t l y  i n t e r e s t e d  i n  new developments 

and who have s tudent  meet ings,  f i e l d  t r i p s ,  and informal  d i s c u s s i o n s ,  A 

committee, appointed by t h e  Dean or Vice -p res iden t ,  of key members of a l l  

departments  t h a t  would be involved i n  t h e  c o u r s e ,  would be  of g r e a t  as- 

s i s t a n c e  i n  the  o r i g i n a l  planning and o rgan iza t ion  of t h e  course .  

f 
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11 PRE-COURSE PREPARATIONS 

A .  CHOOSING A PROJECT 

I n  o rde r  t o  m a k e  t h e  course exper ience  as r ea l i s t i c  as p o s s i b l e  f o r  

t h e  p a r t i c i p a n t s ,  t h e  engineer ing p r o j e c t  which i s  undertaken should be  

t echn i . ca l ly  f e a s i b l e  and ope ra t iona l ly  d e s i r a b l e  .n but  n o t  y e t  designed 

or b u i l t  by i n d u s t r y .  The f e a s i b i l i t y  requirement would o r d i n a r i l y  re- 

q u i r e  t h a t  some pre l iminary  s t u d i e s  be  c a r r i e d  ou t  by t h e  f a c u l t y  l e a d e r s  

t o  a s s u r e  t h a t  t h e r e  i s  at l e a s t  one p o s s i b l e  s o l u t i o n  t o  t h e  problem. 

Besides  t h i s  gene ra l  c o n s t r a i n t  t h e r e  a r e  s e v e r a l  o t h e r  f a c t o r s  t o  be 

considered 

The p r o j e c t  should b e  commensurate w i t h  t h e  academic l e v e l  and t h e  

i n t e r e s t s  of t h e  s t u d e n t s ,  To d a t e ,  t h e  MIT and Stanford  course  have 

been o f f e r e d  p r i m a r i l y  on t h e  graduate  l e v e l .  

a b l y  do as weP:L i n  m o s t  phases of t h e  work but  may l ack  t h e  a n a l y t i c  

t o o l s  o r  s p e c i a l i z e d  knowledge t o  go i n t o  some of t h e  f i n e r  d e t a i l s  of 

t h e  design.  Qbuious ly ,  P s u i t a b l e  p r o j e c t  w i l l  p rovide  o p p o r t u n i t i e s  

.for innovat ion  and a n a l y s i s  by a l l  s t u d e n t s  of al l .  d i s c i p l i n e s  expected 

to e n r o l l  i n  t h e  course.  Other t h i n g s  being equal, a p r o j e c t  which i s  

more ppgPamorous"' w i l l  g ene ra t e  more i n i t i a l  s tuden t  i n t e r e s t  

Undergraduates w i l l  prob- 

Care must be taken  t o  l i m i t  t h e  ex ten t  of t h e  p r o j e c t  t o  t h a t  which 

might reasorably be hmdzed by t h e  a v a i l a b l e  s t u d e n t  man-hours., Experi-  

ence has shown t h a t  t i m e  requirements f o r  problem d e f i n i t i o n  and con- 

ceptual.  des ign  a t  t h e  beginning of t h e  cour se ,  and f i n a l  r e p o r t  w r i t i n g  

a t  t h e  end of t h e  course tend t o  be underest imated.  The r e s u l t  i s  t h a t  

over-ambit ious p r o j e c t s  get  i n  a t i m e  b ind i n  t h e  numerical  a n a l y s i s  and 

r e p o r t  w r i t i n g  phases  

S ince  a l a r g e  p a r t  of t h e  inpu t  t o  t h e  s t u d e n t s  comes from lectures 

and informal  d i scuss ions  wi th  f a c u l t y  adv i so r s  and g u e s t  speake r s ,  i t  i s  

e s s e n t i a l  t h a t  t h e  chosen top ic s  be compatible wi th  a v a i l a b l e  e x p e r t i s e .  

Thus t h e  r e sea rch  and teaching i n t e r e s t s  of t h e  f a c u l t y  adv i so r  and t o  

a lesser e x t e n t  o t h e r  campus personnel  should be  considered.  Nearby i n -  

d u s t r i e s ,  r e s e a r c h  l a b s ,  and educa t iona l  i n s t i t u t i o n s  are t h e  b e s t  sou rces  

of gues t  speakers .  However, i f  t h e  chosen p r o j e c t  i s  t o o  similar t o  

s t u d i e s  under way by ''for pro f i t ' :  o rgan iza t ions  i t  w i l l  probably be  
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d i f f i c u l t  t o  get  o u t s i d e  speakers  t o  g i v e  t h e  s t u d e n t s  c u r r e n t  in format ion  

because t h i s  might v i o l a t e  company s e c u r i t y .  For t h i s  reason  p r o j e c t s  one 

s t e p  ahead of a c t i v e  commercial cons ide ra t ions  a re  u s u a l l y  b e t t e r .  

To d a t e  four  of t h e  MIT and f o u r  of t h e  S tan fo rd  p r o j e c t s  have i n -  

volved t h e  pre l iminary  des ign  of space  Sys tems.  I n  a d d i t i o n ,  MIT has 

undertaken two p r o j e c t s  on earth-bound t r a n s p o r t a t i o n  s y s t e m s .  Besides  

space  and t r a n s p o r t a t i o n ,  some p o t e n t i a l l y  va luab le  areas which have 

been considered are  deep sea systems ( h a r v e s t i n g  sys t ems) ,  water re- 

sources  ~ environmental c o n t r o l  (smog c o n t r o l )  , educa t iona l  technology 

( t each ing  machinesj, e t c . ) ,  f o r e i g n  development ( a g r i c u l t u r a l  or indus-  

t r i a l  development of underdeveloped c o u n t r i e s )  

I t  is  expected t h a t  t h e  choice  of a p r o j e c t  would u s u a l l y  be  made by 

t h e  t each ing  s t a f f  of t h e  course .  

1 Prel iminary Assembly of Source Material 

Because of t h e  l i m i t e d  s tuden t  t i m e  a v a i l a b l e  and t h e i r  i n i t i a l  

l a c k  of f a m i l i a r i t y  wi th  t h e  problem, one of t h e  primary t a s k s  i n  p re -  

pa r ing  f o r  t h e  course  i s  t h e  c o l l e c t i o n  of e s s e n t i a l  source  m a t e r i a l .  P f  

poSsible  t h i s  ma te r i a l  should be a v a i l a b l e  on a book s h e l f  i n  t h e  meeting 

room. I t  i s  expected, of cour se ,  t h a t  t h e  s t u d e n t s  w i l l  f i n d  a d d i t i o n a l  

in format ion  necessary and w i l l  o b t a i n  i t  as t h e  course  proceeds.  

2.  F i e l d  Tr ips  

I t  i s  t r a d i t i o n a l  a t  MIT and Stanford  f o r  t h e  class t o  v i s i t  Cape 

Kennedy o r  Vandenberg A i r  Force B a s e  du r ing  t h e  course  as w e l l  as some 

nearby space  r e l a t e d  i n d u s t r i e s  ( i f  t h e  p r o j e c t  is  a space  s y s t e m ) .  

though such f i e l d  t r i p s  may not  be considered necessary ,  depending on 

t h e  n a t u r e  of t h e  p r o j e c t  i t s e l f  and a v a i l a b l e  sou rce  mater ia l ,  they 

s t i m u l a t e  s tuden t  i n t e r e s t  and provide  an incen t ive -boos t  t o  t h e  p r o j e c t  

as a whole. The t r i p s  are u s u a l l y  no t  arranged u n t i l  a f t e r  t h e  course  

i s  i n  progress  and t h e  s t u d e n t s '  i n t e r e s t  and informat ion  requirements  

are more c l e a r l y  def ined .  

A l -  

. 
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1. Personnel  Requirements 

I n  t he  p a s t  there have been t h r e e  t o  f i v e  " f acu l ty  advisors"  

a s s o c i a t e d  w i t h  t h e  crass ,  One of these i s  des igna ted  as t h e  Course 

D i r e c t o r .  This  j o b  , - q u i r e s  approximately one-half  t i m e  du r ing  t h e  

term(s) t h e  course  i s  t augh t  and a t  least  a few hours pe r  week dur ing  

t h e  p repa ra t ion  pe r iod ,  The Facul ty  Advisors should be  a v a i l a b l e  f o r  

two af te rnoons  per  Neek during t h e  t e r m  of t h e  cour se ,  and should par -  

t i c i p a t e  i n  t h e  p lanning  se s s ions  p r i o r  t o  t h e  s tar t  of the course .  

The equ iva len t  of one f u l l  t i m e  secretary i s  r equ i r ed  du r ing  the  

term of t h e  course.  During the i n i t i a l  ha l f  of the cour se ,  a competent 

secretary can r e l i e v e  t h e  p r o j e c t  d i r e c t o r  of many of t h e  de ta i l s  i n  ar- 

ranging  f o r  v i s i t i n g  l e c t u r e r s ,  v i s u a l  a i d s ,  let ters confirming i n v i t a -  

t i o n  of l e c t u r e r s ,  h o t e l  and t r a v e l  arrangements,  expense accounts ,  

thank-you le t te rs ,  v i s i t  and tour  c l ea rances .  During t h e  second ha l f  

of t h e  cour se ,  t h e  typ ing  and reproduct ion  of r e p o r t s  by s t u d e n t  teams 

becomes a major t a sk ,  and during t h e  l a s t  two weeks of t h e  cour se ,  i t  i s  

d e s i r a b l e  f o r  one t o  t h r e e  a d d i t i o n a l  s e c r e t a r i e s  from o t h e r  departments 

t o  assist i n  the  typing  of t he  f i n a l  r e p o r t ,  

Guest speakers  should be  contac ted  by phone w e l l  ahead of t i m e ,  

followed by a l e t te r  confirming t h e i r  speaking d a t e .  Usual ly  speakers  

from nearby i n d u s t r i a l  concerns and government labs which are i n t e r e s t e d  

i n  t h e  t o p i c  under s tudy  are a v a i l a b l e  a t  no c o s t  t o  t h e  u n i v e r s i t y .  

Speakers from o t h e r  u n i v e r s i t i e s  o r  n o n p r o f i t  o rgan iza t ions  and 

independent c o n s u l t a n t s  u sua l ly  r e c e i v e  an honorarium ($100) and t r a v e l  

expenses 

2 ,  Phys ica l  F a c i l i t i e s  

I t  is  desirable tha t  a l e c t u r e  room be  a v a i l a b l e  equipped w i t h  

t he  usua l  v i s u a l  a ids  (overhead p r o j e c t o r ,  s l i d e  p r o j e c t o r ,  motion p i c -  

t u r e  sound p r o j e c t o r ,  and t a p e  r e c o r d e r ) .  T h e  overhead p r o j e c t o r  is  a 

most e s s e n t i a l  dev ice  t o  permit t h e  s t u d e n t  teams t o  p repa re  t h e i r  own 

b r i e f i n g  c h a r t s .  s k e t c h e s -  diagrams, e t c .  u s ing  g r e a s e  p e n c i l  o r  equ iva len t  
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on a t r anspa ren t  8-1/2 x 11 shee t .+  Transparenc ies  from p r i n t e d  material 

can be  r e a d i l y  prepared by f i r s t  making a Xerox copy on 8-1/2 X 11 paper  

from a book or magazine and then  prepar ing  a t ransparency  w i t h  t h e  a i d  of 

a Thermofax machine, us ing  t h e  appropr i a t e  t ype  3M brand p r o j e c t i o n  

t ransparency .  

. 

I t  i s  d e s i r a b l e  t h a t  t h e  lec ture  room a l s o  have space  f o r  t h e  

s t o r a g e  of r e fe rence  books and f o r  t h e  p o s t i n g  of w r i t t e n  d a t a  such as 

t h e  most up- to-da te  s p e c i f i c a t i o n s  Of t h e  s p a c e c r a f t  we igh t s ,  dimensions,  

etc.  A s  an a l t e r n a t e  t h e  r e f e r e n c e  books may be kept  on a s p e c i a l  s h e l f  

i n  t h e  engineer ing l i b r a r y .  

Some means of reproducing va r ious  w r i t t e n  material (magazine 

a r t i c l e s ,  c h a r t s ,  e t c . )  as t h e  course  proceeds i s  a l s o  usua l ly  r e q u i r e d ,  

The D i t t o  process  i s  probably t h e  least expensive bu t  Xerox-type d u p l i -  

c a t i o n  i s  occas iona l ly  t h e  only s u i t a b l e  means. The a v a i l a b i l i t y  of 

t h e s e  machines should be a sce r t a ined  be fo re  t h e  cour se  begins .  The s t u -  

den t s  w i l l  probably have occasion t o  use  d r a f t i n g  equipment and a d i g i t a l  

computer. Provis ion  f o r  t h e i r  u se  should a l s o  be  made ahead of t i m e .  

A very  d e s i r a b l e  but  un fo r tuna te ly  d i f f i c u l t  arrangement is t o  

s ecu re  a meeting room f o r  t h e  u s e  of t h e  systems engineer ing  course  ex- 

c l u s i v e l y .  This would allow t h e  s t u d e n t s  t o  set up h e l p f u l  v i s u a l  a i d s ,  

diagrams on black boards,  etc.  and l eave  them undis turbed  u n t i l  t h e  next  

meeting 

'Reprocessed X-ray f i l m  makes an e x c e l l e n t  low c o s t  t ransparency  f o r  
overhead p r o j e c t o r s ,  I n  q u a n t i t i e s  of 1000 s h e e t s  t h i s  may b e  obtained 
a t  a c o s t  of $30 f o r  10 inch  by 12 inch  s i ze  ( p l u s  shippi.ng charge)  
from Johnson Process Company, 88 Front  S t r e e t ,  E l i z a b e t h ,  New Je r sey .  
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I I I COURSE ADMINISTRATION 

A ,  CLASS ORGANIZATION 

A systems engineer ing  c l a s s  i s  comprised of groupsp  group leaders, 

During the planning phase i n  a p r o j e c t  manager, and f a c u l t y  adv i so r s .  

t h e  o rgan iza t ion  of t h e  course the t o p i c  of s tudy  i s  broken down i n t o  

f o u r  o r  f i v e  major areas. Each of these w i l l  b e  s t u d i e d  by a group of 

s tuden t s .  The s t u d e n t s  are inv i t ed  t o  select  one of these groups as 

t h e i r  f i r s t  choice  and another as t h e i r  second choice.  The  f a c u l t y  ad- 

v i s o r s  then a l l o c a t e  t h e  s tuden t s  i n  t he  class t o  these va r ious  groups,  

w i t h  due a t t e n t i o n  t o  obta in ing  a proper  ba lance  of s k i l l s  i n  each group 

and 30 she desires of t h e  s tuden t s .  Each group has a f a c u l t y  advisor  

whose t e c h n i c a l  s p e c i a l t y  should match the  primary i n t e r e s t  of t h e  group. 

H e  i s  t o  be a v a i l a b l e  t o  the group f o r  c o n s u l t a t i o n ,  and w h i l e  no t  d i -  

r e c t i n g  t h e  group. t h e  f a c u l t y  adv i so r  should main ta in  l o o s e  gu ide l ines  

w i t h i n  which t h e  group opera tes .  Each group should c o n s i s t  of a proper  

ba lance  of mechanical,  e l e c t r i c a l ,  a e r o n a u t i c a l  and o t h e r  engineers  ap- 

p r o p r i a t e  t o  t h e  task of the group, and no t  on ly  e lectr ical  engineers  o r  

on ly  a e r o n a u t i c a l  eng inee r s ,  e t c .  I t  has been found best t o  have between 

three and s i x  groups i n  t h e  class. I f  t h e r e  are  less than  t h r e e ,  t h e  

s t u d e n t  is  n o t  exposed t o  t h e  t r a d e - o f f s  t h a t  occur  between groups.  I f  

there  are more than  s ix ,  a s i n g l e  p r o j e c t  manager cannot coord ina te  t h e  

work proper ly  

The group l e a d e r s  are e l ec t ed  by each group,  and are r e s p o n s i b l e  f o r  

gu id ing  t h e  work of t h e i r  r e spec t ive  groups.  The group l e a d e r  conducts 

group meet ings,  a s s i g n s  tasks w i t h i n  the group,  and r e p r e s e n t s  i t  i n  t he  

meetings w i t h  t h e  p r o j e c t  manager. Weekly meetings of group leaders t o -  

ge the r  w i t h  t h e  p r o j e c t  manager are he ld  t o  coord ina te  t h e  o v e r a l l  e f f o r t  

and t o  make major d e c i s i o n s .  

One m e m b e r  of t h e  c l a s s  is s e l e c t e d  as p r o j e c t  manager, who i s  re- 

spons ib l e  f o r  t h e  e n t i r e  p r o j e c t ,  I t  is  h i s  du ty  t o  conduct t h e  group 

meet ings,  t o  be  aware of t h e  c u r r e n t  s t a t u s  of t h e  e n t i r e  p r o j e c t ,  t o  

a s s ign  tasks t o  t h e  groups> and t o  r e p r e s e n t  t h e  class i n  t a lks  wi th  t h e  

f a c u l r y  and indus t ry .  He a l so  works c l o s e l y  w i t h  t he  Course D i r e c t o r  i n  

main ta in ing  t h e  smooth opera t ion  of t h e  course.  
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The p r o j e c t  manager and group l e a d e r s  have t h e  r e s p o n s i b i l i t y  f o r  

t h e  management of the  p r o j e c t .  I n  t h e i r  meet ings ,  i n t e r a c t i o n  problems 

a r e  d i s c u s s e d ,  d e c i s i o n s  are made, and the  conc lus ions ,  w i t h  j u s t i f i c a -  

t i o n s ,  are presented t o  t h e  class a t  i t s  nex t  meeting. An important  p a r t  

of t h i s  course  i s  the  oppor tunl ty  f o r  t he  s t u d e n t s  t o  p a r t i c i p a t e  i n  

p r o j e c t  management. Consequently,  new group l e a d e r s  and p r o j e c t  manager 

a r e  selected a t  about  f o u r  week i n t e r v a l s .  The p r o j e c t  manager i s  

e l e c t e d  f i r s t  by a w r i t t e n  b a l l o t  from a s la te  nominated by t h e  e n t i r e  

class. The group l eade r  i s  e l e c t e d  by a w r i t t e n  b a l l o t  by t h e  members 

of h i s  group. No s tuden t  i s  e l i g i b l e  t o  s e r v e  f o r  more than  one t e r m  as 

group leader or p r o j e c t  manager. Usual ly  the f i r s t  e l e c t i o n  i s  called 

a t  t he  end of t he  second week of t h e  course  when t h e  s t u d e n t s  have had 

a l i t t l e  chance t o  become acquainted w i t h  each o t h e r .  

I t  i s  very d e s i r a b l e  t o  inc lude  i n  t h e  class s t u d e n t s  of Indus t r i a l .  

Engineer ing o r  Business Adminis t ra t ion  w i t h  an  i n t e r e s t  i n  t h e  f u n c t i o n s  

of p lanning ,  schedul ing,  c o s t  a n a l y s i s  and e d i t i n g .  These s t u d e n t s  can 

perform t h e s e  support ing func t ions  b e s t  by s e r v i n g  as a d m i n i s t r a t i v e  as- 

s i s t a n t s  t o  t h e  group leaders. These a d m i n i s t r a t i v e  a s s i s t a n t s  t o  t h e  

group leaders provide c o n t i n u i t y  i n  t h e  o p e r a t i o n  of t h e  p r o j e c t .  They 

w i l l  have coord ina t ing  meetings among themselves i n  o rde r  t o  a s s u r e  t h a t  

uniform procedures a re  used f o r  schedul ing ,  c o s t  e s t i m a t i n g ,  and f o r  

planning t h e  f i n a l  r e p o r t .  

I t  i s  important t o  emphasize, however, t ha t  the  management of t h e  

p r o j e c t  rests with t h e  s t u d e n t  elected p r o j e c t  manager and the s tuden t  

elected group l eade r s .  The f u n c t i o n  of t he  f a c u l t y  d i r e c t o r  and adv i so r s  

is  t o  adv i se  and recommend f o r  cons ide ra t ion .  S i m i l a r l y ,  t h e  f u n c t i o n  of 

the admin i s t r a t ive  a s s i s t a n t s  i s  t o  provide  important  a d m i n i s t r a t i v e  sup- 

p o r t i n g  s e r v i c e s  involv ing  c o s t  and t i m e  schedules .  Some d i f f i c u l t y  w i l l  

be experienced if either t h e  f a c u l t y  a t tempts  t o  d i c t a t e  t h e  d e c i s i o n s  of 

the  class o r  i f  t h e  a d m i n i s t r a t i v e  a s s i s t a n t s  a t tempt  t o  become t h e  man- 

agement group e 

J 
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B. GROUND RULES 

Genera l ly ,  t h e  ground r u l e s  evolve only through a process  of t r i a l  

and e r r o r ,  and depend s t r o n g l y  on t h e  i n d i v i d u a l  p e r s o n a l i t i e s  of t h e  

people  involved. However, i t  does seem a p p r o p r i a t e  t o  mention a few 

r u l e s  which have proved u s e f u l  i n  t h e  p a s t .  

One of t h e  main d i f f i c u l t i e s  i n  a course  of t h i s  type  seems t o  be 

the  l a c k  of s tudent  i d e a s  which a re  f r e e l y  volunteered .  The important  

r u l e  t o  emphasize t o  t h e  s t u d e n t s ,  a t  t he  beginning of t h e  cour se ,  i s  

t h a t  p a r t i c u l a r l y  dur ing  t h e  e a r l y  bra ins torming  s e s s i o n s  new i d e a s  i n -  

c luding  w i l d  and unconventional approaches need t o  be cons idered .  Ideas  

which a t  f i r s t  may seem unworkable, can o f t e n  b e  b u i l t  upon t o  t h e  ex- 

t e n t  t h a t  t h e y  can even tua l ly  be  made p r a c t i c a l l y  f e a s i b l e .  R i d i c u l e  of 

new i edeas  w i l l  i n h i b i t  and d iscourage  t h e  p r e s e n t a t i o n  of unconvent ional  

s o l q t i o n s .  

The adv i so r ,  of cour se ,  should not  d i c t a t e  d e c i s i o n s ,  but  merely act  

as a t e c h n i c a l  adv i so r .  H e  should ,  n a t u r a l l y , p o i n t  o u t  any s e r i o u s  e r r o r s  

and mention poss ib l e  a l t e r n a t i v e s .  However. as an a d v i s o r ,  he should 

avoid p o i n t i n g  o u t  e r r o r s  and making sugges t ions  too  e a r l y  i n  t h e  game 

l e s t  t h e  s tudent  be  deprived of t h e  va luab le  exper ience  of d i scove r ing  

h i s  own e r r o r s  and th ink ing  through a l t e r n a t i v e  approaches.  

The importance of a proper  cha in  of command from t h e  i n d i v i d u a l ,  t o  

t h e  group leader. ,  and then t o  t h e  p r o j e c t  manager, must be emphasized. 

I n  t h i s  manner, s t u d e n t s  w i l l  g e t  a t r u e  f e e l  f o r  t h e  i n d u s t r i a l  cha in  

of command. Since the jobs  of group l eade r  and p r o j e c t  manager r o t a t e ,  

many s t u d e n t s  ob ta in  exper ience  a t  bo th  ends o f  t h e  l adde r .  

C. INTRA-CLASS COMMUNICATION 

A systems engineer ing course  r e q u i r e s  a s t u d e n t  t o  work a t  t i m e s  i n -  

d i v i d u a l l y  and a t  o t h e r  t i m e s  w i t h  a group. I n  either case, e f f e c t i v e  

channels  of communication are an e s s e n t i a l  f a c t o r  t o  t h e  coord ina t ion  of 

t h e  p r o j e c t  as a whole. I n  p a s t  exper ience ,  it has been found t h a t  bo th  

w r i t t e n  and o r a l  methods of i n t r a c l a s s  commuicntion p l ay  important  r o l e s ,  

depending upon the  fo rma l i ty  of t h e  s i t u a t i o n ,  
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W r i t t e n  m a t e r i a l  incLudes prepared material which i s  made a v a i l a b l e  

t o  t h e  c lass ,  such as %i les tone9 '  r e p o r t s  made up by t h e  e n t i r e  c l a s s  as 

t o  t h e  s t a t u s  of t h e  p r o j e c t  a t  p r e - s e l e c t e d  d a t e s  (pre l iminary  des ign ,  

midcourse des ign ,  f i n a l  des ign ) .  Other  forms of t h i s  would be "cu r ren t  

s t a t u s "  r e p o r t s ,  r e c e n t  drawings of t h e  des ign ,  and prepared b r i e f s  g iven  

t o  t h e  c l a s s  by a group o r  indix4dual .  The prepared b r i e f  involves  

v i s u a l  a i d s  which demonstrate  t he  major r e s u l t s  ob ta ined .  

Perhaps t h e  most important form o f  o r a l  communication i s  t h e  informal  

d i s c u s s i o n  i n  nee t ings  of p ro jec t  management and i n  meetings or' 

t h e  groups.  I n  f u l l  c l a s s  meet ings,  s h o r t  o r a l  b r i e f s  may be presented  

on p a r t i c u l a r  t o p i c s  of i n t e r e s t  by t h e  person most concerned wi th  t h e  

problem, F i n a l l y ,  t h e  e n t i r e  @Lass should be a v a i l a b l e  f o r  c o n s u l t a t i o n  

and d i scuss ion  a t  s p e c i f i c  times dur ing  t h e  program so as t o  ensure a 

c lear  understanding by 011 members of t h e  class as t o  what exac t ly  each 

member has been doing 

D, THE DECISION PROCESS 

The process  of s e l e c t i n g  a l t e r n a t i v e s  as a des ign  evolves  can be  

among t h e  most cha l lenging  and i n t e r e s t i n g  a s p e c t s  of an i n t e r - d i s c i p l i n a r y  

s y s t e m s  des ign  course .  I f  p roper ly  conducted, s tuden t  i n t e r a c t i o n  ( t h e  

g i v e  and t a k e  as t e c h n i c a l  and c o s t  t r a d e - o f f s  occur )  w i l l  focus  a t t e n t i o n  

on t h e  need f o r  broad p o i n t s  of view t o  opt imize  o r  even achieve  t h e  de-  

s i g n  o b j e c t i v e .  

I t  w i l l  g e n e r a l l y  be found t h a t  a des ign  philosophy w i l l  he lp  d i r e c t  

t h e  g roup ' s  e f f o r t  toward a product ive  end. Such cons ide ra t ions  as eco- 

nomic f e a s i b i l i t y ,  high r e l i a b i l i t y ,  s t a t e - o f - t h e - a r t  components t o  avoid 

development c o s t ?  l i g h t  weight ,  e t c , ,  may d i c t a t e  des ign  philosophy. I t  

may w e l l  be  t h a t  t h e  phi losophica l  b a s i s  w i l l  need t o  be changed a t  some 

s t a g e  because of sor-e newly uncovered concept o r  p r i n c i p l e .  Such changes 

are u s u a l l y  benefiziai l  i n  t h e  long run  i f  adequately j u s t i f i e d  on t h e  

b a s i s  of some pay-off func t ion ,  

I t  i s  obvious t h a t  c r u c i a l  d e c i s i o n s  w i l l  be  made throughout t h e  en- 

t i r e  des ign  procedure,  sometimes d i r e c t l y  and o t h e r  times through d e f a u l t .  

I n  any c a s e -  economic and p o l i t i c a l ,  as w e l l  as t e c h n i c a l  matters, must be 
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given e a r l y  a t t e n t i o n .  

a s  p o s s i b l e  (usua l ly  t h e s e  can be more e x a c t l y  def ined  than  i s  r e a d i l y  

admi t ted) .  Parametr ic  s t u d i e s  a r e  encouraged, and c e r t a i n  hard d e c i s i o n s  

may c a l l  f o r  a list of p ros  and cons under each  of two or more a l t e r n a -  

t i v e s .  I t  i s  wise t o  avoid making any major d e c i s i o n s  t o o  e a r l y  i n  t h e  

cour se ;  some free-wheeling ought t o  be allowed f o r  gene ra t ion  of c r e a t i v e  

ideas  a t  t h e  o u t s e t .  On t h e  o t h e r  hand, a s  t h e  des ign  is  being f i n a l i z e d  

cos t  cons ide ra t ions  may make i t  necessary  t o  e l i m i n a t e  some a s p e c t s  of 

t h e  o r i g i n a l  design o b j e c t i v e .  In  such cases  t h e  work o f  t h e  s t u d e n t s  

can s t i l l  be included i n  t h e  f i n a l  r e p o r t  i nc lud ing  t h e  c o n s i d e r a t i o n s  

why a p a r t i c u l a r  experiment could not  be inc luded  i n  t h e  f i n a l  system. 

Costs  and Pay-offs should be def ined  a s  c l e a r l y  

The process  of making major d e c i s i o n s  g e n e r a l l y  c a l l s  f o r  a l l  groups 

t o  be represented  for e f f e c t i v e  i n t e r a c t i o n .  A l l  t o o  f r e q u e n t l y  t h e  

process  l o s e s  e f f i c i e n c y  i f  v i t a l  information i s  missing which could have 

been r e a d i l y  suppl ied .  It is w e l l  t o  s t a r t  w i t h  an agenda and set a t a r -  

g e t  t i m e  f o r  the  d i scuss ion  of each i t e m .  Each s e s s i o n  should be con- 

cluded wi th  a plan of a c t i o n  and a c l e a r  understanding of t h e  d e c i s i o n s  

which have and have not  been made. Whenever a newly d iscovered  f a c t o r  

d i c t a t e s  review of present  methods, t h e  a l t e r a t i o n  or s u b s t i t u t i o n  of 

p a s t  d e c i s i o n s  should be handled i n  t h e  same manner o u t l i n e d  above s o  a s  

t o  avoid any confusion or c o n t r a d i c t i o n .  

One key t o  a success fu l  d e c i s i o n  procedure is  t h e  d i scuss ion  l e a d e r .  

While t a c t  is always appropr i a t e  he must c r e a t e  a s i t u a t i o n  which al lows 

f o r  f r e e  exchange of in format ion ,  gene ra t ion  of c r e a t i v e  i d e a s ,  and t h e  

l i b e r t y  of f r e e l y  cha l lenging  a premise.  To focus  a t t e n t i o n  he must be 

a b l e  t o  ask c r u c i a l  q u e s t i o n s ,  or g e t  o t h e r s  t o  aks such ques t ions ,  and 

be g e n e r a l l y  agress ive  i n  moving t h e  group toward i t s  o b j e c t i v e .  An i m -  

p o r t a n t  p a r t  of such l eade r sh ip  is t h e  a b i l i t y  t o  ge t  each group t o  under- 

s t and  and perform its appropr i a t e  r o l e  throughout t h e  des ign .  

I n  o rde r  t o  prepare f o r  t h e  process  of d e c i s i o n  making i t  is recom- 

mended t h a t  each s tudent  prepare an e v a l u a t i o n  on h i s  p a r t  of t h e  s y s t e m .  

For example, fo r  a s a t e l l i t e  power supply:  
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1. A s ta tement  on t h e  major a l t e r n a t i v e s  a v a i l a b l e  ( s o l a r  c e l l s ,  
r a d i o i s o t o p e  the rmoe lec t r i c  g e n e r a t o r ,  s o l a r  concen t r a to r  and 
t h e r m o e l e c t r i c  b a t t e r i e s ,  e tc .  ). 
A summary of t h e  f a c t o r s  for and a g a i n s t  each of these a l t e r n a t i v e s ,  
i nc lud ing  a q u a n t i t a t i v e  comparison wherever f e a s i b l e  (we igh t s ,  
c o s t s ,  l e v e l  of r a d i o a c t i v i t y ,  r e l i a b i l i t y ,  l i f e  t i m e ,  s t a t e - o f -  
t h e - a r t ,  etc. ). 

3. The impl i ca t ions  on o the r  p a r t s  of t h e  system of s e l e c t i n g  these 

2. 

a l t e r n a t i v e s  ( e f f e c t  upon e l e c t r o n i c  elements of nuc lea r  r a d i a -  
t i o n s ,  p o l i t i c a l  o b s t a c l e s  i n  launching r a d i o a c t i v e  g e n e r a t o r s ,  
e t c . ) .  

4. H i s  recommendations. 

Th i s  approach w i l l  permit each p r o t a g o n i s t  t o  p r e s e n t  h i s  i d e a s  as c l ea r ly  

and as f o r c e f u l l y  as he d e s i r e s  and t o  i n c l u d e  t h e s e  c o n s i d e r a t i o n s  i n  

t h e  f i n a l  r e p o r t  even though the  f i n a l  d e c i s i o n  may have been t o  reject  

a p a r t i c u l a r  component o r  experiment. 

E. SCHEDULING AND STAGES 

The schedule  f o r  a systems engineer ing c o u r s e  invo lves  overlapping 

p e r i o d s  of information ga the r ing ,  p re l imina ry  d e s i g n ,  t r a d e - o f f s ,  and 

f i n a l  design.  Desp i t e  t h i s  overlapping,  t h e  cour se  o u t l i n e  should i n -  

c l u d e  s p e c i f i c  dates when s i g n i f i c a n t  p o r t i o n s  of t h e  d e s i g n  are t o  be 

completed. 

A t y p i c a l  schedule  i s  shown below: 

Weeks 1 & 2: F a m i l i a r i z a t i o n  w i t h  problem and techniques involved. 
S tuden t s  prepare t h r e e  t o  s i x  page conceptual  des igns  
i n  groups of two to  three. 

of group l e a d e r s  and p r o j e c t  manager; sys t ema t i c  s tudy 
of v a r i o u s  a l t e r n a t i v e s  f o r  each subsystem, 

Weeks 3 & 4: Organizat ion of class i n t o  p r o j e c t  groups;  s e l e c t i o n  

Weeks 5 & 6: Decis ion on the most promising a l t e r n a t i v e s  i n  more 
d e t a i l  (each s t u d e n t  submits  a p re l imina ry  r e p o r t  sum- 
marizing the a l t e r n a t i v e s  he has s t u d i e d ,  t h e  com- 
p a r a t i v e  performance, the  p r o s  and cons,  and h i s  
recommendations f o r  h i s  component( s )  of t h e  subsystem) ; 
f i r s t  t r ade -o f f  s e s s i o n s ;  s e l e c t i o n  by p r o j e c t  manage- 
ment group of t e c h n i c a l  s p e c i f i c a t i o n s  f o r  sys t em.  

Week 7 :  Wri t t en  prel iminary des ign  r e p o r t .  
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Weeks 8 ,  9 ,  10, & 11: S e l e c t i o n  of new group leaders and p r o j e c t  
manager; s e l e c t i o n  of e d i t o r i a l  s t a f f .  F u r t h e r  
des ign  of subsystems; t r ade -o f f  s e s s i o n s .  
Wri t ten  des ign  r e p o r t  submi t ted .  

Weeks 12 & 13: S e l e c t i o n  of new group l e a d e r s  and p r o j e c t  

Weeks 14 & 15: F i n a l  r e p o r t  w r i t t e n ;  e d i t o r i a l  review of 

manager; checking and mod i f i ca t ion  of r e p o r t .  

r e p o r t ;  r e p o r t  s e n t  t o  p r i n t e r .  O r a l  p r e sen ta -  
t i o n  g iven  t o  i n t e r e s t e d  persons  from i n d u s t r y .  

The sequence of conceptua l  s t e p s  through which a d e s i g n  i s  evolved 

may be  summarized as fo l lows:  

1. Gathering of information.  

2 .  Examination of p o s s i b l e  c o n f i g u r a t i o n s ,  which determines problem 

3. Est imat ion of  r e l a t i v e  merits of the va r ious  s o l u t i o n s  and deter-  

areas and gene ra t e s  new ideas  and concepts .  

mina t ion  of t r ade -o f f  p o i n t s .  

4. Choice of an optimum conf igu ra t ion  and f i n a l  des ign .  

The  oppor tuni ty  f o r  f u l l  development of each stage i s  provided by a 

breakdown of t h e  course  i n t o  t h r e e  phases ,  desc r ibed  i n  t h e  table  below 

toge the r  w i t h  a rough i n d i c a t i o n  of t h e  corresponding s t a g e s  and group 

admin i s t r a t ions .  

Phase 

I 
Formal 
meetings 
(1/3 - 1/2 
of cour se )  

I f  
Group 
meetings 
(1/3 of 
course  ) 

I11 
Writeup 
(1/3 - 1/4 
of cour se )  

Staee 
7. 
I 
I 

1 
' T  
I I  

t i  
1 :  

I I 
I 
3 
I 

J f +  
I 
4 
I 
.1, 

m- 
t ra t  ion  

3. 
1 
I 
I 

Jt  

I 
J. 
3- 
I 
3 
I + 

2 

D e s  cr  i D  t i o n  

Formal class meet ings- -cons is t ing  mainly 
of l e c t u r e s  by expe r t s .  The f i r s t  meeting 
p r e s e n t s  t h e  p r o j e c t  t o p i c ,  ground r u l e s ,  
calls  f o r  papers  on a rough concept de-  
s ign .  A f t e r  two t o  three weeks t h e  i n i -  
t i a l  des igns  are presented  and the class 
organized i n t o  groups.  

~ ~~ ~~~~ ~ ~~~ ~~ 

Group or i n d i v i d u a l  work, d i s c u s s i o n  co- 
o r d i n a t i o n ,  t rade-of f  s e s s i o n s ,  p re sen ta -  
t i o n  of summary r e p o r t s  at t h e  end of each 
admin i s t r a t ion  choice  of a f i n a l  configu-  
r a t i o n .  

~~~~~~ ~~ ~ ~~ 

F i n a l  Des ign- -prepara t ion  of f i n a l  r e p o r t  
and o r a l  p r e s e n t a t i o n .  Minor changes i n  
t h e  des ign  may s t i l l  be made P€ necessary .  
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I&' FINAL PRESEXTATION 

A .  FINAL REPORT 

P u b l i c a t i o n  of t h e  f i n a l  report  r e p r e s e n t s  t h e  culminat ion of t h e  

e f f o r t s  of everyone a s soc ia t ed  wi th  t h e  course .  Most  s t u d e n t s  w i l l  ap- 

p r e c i a t e  t h i s  oppor tuni ty  t o  publ i sh  t h e i r  c o n t r i b u t i o n s .  A l s o ,  a pub- 

l i s h i n g  requirement  w i l l  tend t o  improve t h e  ideas  and work output  of t h e  

group 

The f i r s t  s t e p  i n  organizing t h e  f i n a l  r e p o r t  is  t o  e s t a b l i s h  an 

e d i t o r i a l  board a t  about t h e  middle of t h e  course .  Th i s  committee maps 

o u t  t h e  r e s p o n s i b i l i t i e s  f o r  t he  chap te r s  and submits  t e n t a t i v e  chap te r  

headings,  This  p rocess ,  whi le  seemingly premature,  serves t o  focus  t h e  

i n d i v i d u a l  e f f o r t  and permi ts  t h e  group t o  modify t h e  chap te r  t i t l es .  

The committee might a l s o  e s t a b l i s h  a t e n t a t i v e  r e p o r t  format a t  t h i s  t i m e .  

The e d i t o r i a l  board should be  made up of volunteers.. I f  each group 

has an a d m i n i s t r a t i v e  ass is tant ,  t h i s  s t u d e n t  w i l l  probably want t o  be 

on t h e  board.  Af t e r  t h e  committee has been e s t a b l i s h e d ,  one member should 

be  s e l e c t e d  as t h e  e d i t o r  of t he  r e p o r t .  Although i n  t h e  p a s t ,  t h e  e d i t o r  

has  sometimes been t h e  f i n a l  p r o j e c t  manager, t h i s  i s  probably no t  t h e  

b e s t  choice  s i n c e  both jobs  r e q u i r e  f u l l - t i m e  e f f o r t  i n  t h e  c l o s i n g  weeks. 

While t h e  f i n a l  r e p o r t  i s  being w r i t t e n ,  each group l e a d e r  should pre-  

e d i t  h i s  g roup ' s  work be fo re  sending it  t o  t h e  e d i t o r .  Some of t h i s  p re -  

e d i t i n g  and coord ina t ing  can be done by t h e  a d m i n i s t r a t i v e  a s s i s t a n t  i f  

one has been appoin ted ,  

The d i s t r i b u t i o n  range of t h e  f i n a l  r e p o r t  depends u l t i m a t e l y  on t h e  

funds a v a i l a b l e  f o r  publ i sh ing  expenses.  A s  a minimum, each p a r t i c i p a n t  

and each i n v i t e d  speaker should receive a copy. C e r t a i n l y ,  t h e  wider t h e  

d i s t r i b u t i o n ,  t h e  more i n t e r e s t  by t h e  s t u d e n t s  i n  p repa r ing  it. I t  i s  

also suggested t h a t  copies  be submit ted t o  t h e  fo l lowing  o rgan iza t ions  t o  

provide  wide d i s t r i b u t i o n :  

Defense Documentation Center 
Bui ld ing  5 
Cameron S t a t i o n  
Alexandr ia ,  V i r g i n i a  22314 
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STAR 
S c i e n t i f i c  and Technica l  Information Div is ion  
NASA 
P.O. Box 33 
Col lege  Park,  Maryland 20740 

I n t e r n a t i o n a l  Aerospace Abs t r ac t s  
Technica l  Information Se rv ice  
AIAA 
P h i l l i p s b u r g ,  New J e r s e y  

B. ORAL PRESENTATION 

Very few s tuden t s  have t h e  oppor tuni ty  t o  p r e s e n t  a t e c h n i c a l  paper .  

A systems engineer ing course  g ives  t h e  s t u d e n t  t h i s  oppor tuni ty .  The 

r e s u l t s ,  obtained by t h e  class, are presented  i n  a one-af ternoon con- 

f e r e n c e  g iven  t o  i n t e r e s t e d  members of i n d u s t r i e s  and u n i v e r s i t i e s .  The 

g u e s t s  i nc lude  a l l  people  who have provided informat ion  t o  t h e  c lass ,  

and anyone e l s e  who has shown i n t e r e s t  i n  t h e  p r o j e c t .  

The method of p r e s e n t a t i o n  i s  e x a c t l y  t h a t  of a major t e c h n i c a l  con- 

f e rence .  I n v i t a t i o n s ,  desc r ib ing  t h e  program, are s e n t  o u t  a few weeks 

i n  advance, p r a c t i c e  s e s s i o n s  are  h e l d ,  v i s u a l  a i d s  are used ,  and op- 

p o r t u n i t i e s  f o r  a ques t ion  per iod  are g iven ,  

Although i t  would be i d e a l  t o  g i v e  each s t u d e n t  t h e  oppor tun i ty  t o  

p r e s e n t  h i s  r e s u l t s ,  t h i s  i s  n o t  f e a s i b l e  i n  a l a r g e  class.  Genera l ly ,  

r e p r e s e n t a t i v e s  of t h e  groups and sub-groups are chosen t o  p r e s e n t  t h e  

r e s u l t s  reached. I n  p a s t  p r o j e c t s ,  t h e  maximum number of speakers  has 

been l i m i t e d  t o  between 10 and 15 o u t  of c o n s i d e r a t i o n  t o  both  t h e  class 

and t h e  audience.  
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V. GRADING 

The performance of each s tudent  should be based on t h e  fol lowing 

cr i ter ia :  

1. Performance of h i s  group. This  i s  t o  be based upon t h e  e d i t e d  
f i n a l  r e p o r t  and t h e  f i n a l  ve rba l  p r e s e n t a t i o n ,  Cooperation among 
a l l  p a r t i c i p a n t s  w i l l  be e s s e n t i a l  s i n c e  only i n  t h i s  way w i l l  a 
smooth v e r s i o n  of t h e  r e p o r t  r e s u l t .  The s t u d e n t  should be made 
t o  understand t h a t  while  i n  many of h i s  o t h e r  cour ses  grades were 
obtained i n  compe t i t i t on  w i t h  o t h e r  s t u d e n t s ,  cooperat ion and 
teamwork are e s s e n t i a l  i n g r e d i e n t s  i n  a s y s t e m s  engineer ing course.  

2.  The i n d i v i d u a l  c o n t r i b u t i o n  by each s t u d e n t .  T h i s  may be r ep resen ted  
by d a t a  g a t h e r e d ,  c a l c u l a t i o n s ,  drawings,  a n a l y s i s ,  model tests, 
checking, e d i t i n g  o r  verbal  p r e s e n t a t i o n ,  I n  a d d i t i o n ,  each s t u -  
den t  should submit,  independent of t h e  f i n a l  r e p o r t :  

a. H i s  c o n t r i b u t i o n  t o  t h e  f i n a l  r e p o r t ,  uned i t ed  but  checked by 

b e  A s h o r t  s t a t emen t  (two t o  f o u r  pages) :  

a member of t h e  group. 

(1) 
( 2 )  

(3) 
( 4 )  

Descr ibing h i s  s h a r e  of t h e  group e f f o r t .  
Desc r ib ing  proposals  submitted which were no t  n e c e s s a r i l y  
included i n  t h e  f i n a l  r e p o r t ,  
C r i t i c a l  comments on t h e  f i n a l  conc lus ions .  
Cons t ruc t ive  comments on the o v e r a l l  course.  

3. The obse rva t ions  by t h e  s t a f f  a d v i s o r s  and c o n s u l t a n t s  t o  t h e  group. 
I t  i s  recommended t h a t  a l l  f a c u l t y  a d v i s o r s  g e t  t o g e t h e r  and rate 
t h e  s t u d e n t s  r e l a t i v e  t o  each o t h e r .  Each group adv i so r  should 
f i r s t  ra te  t h e  s tudei i t  with r e s p e c t  t o  the e n t i r e  class. For t h i s  
purpose it might b e  u s e f u l  t o  have a photograph of each s t u d e n t  o r  
a s e a t i n g  c h a r t  t o  he lp  c o r r e l a t e  names w i t h  f a c e s .  

As mentioned ear l ier ,  a statement  of how t h e  f i n a l  g rade  i s  determined 

should be g iven  t o  each s tuden t  a t  t h e  beginning of t h e  course.  
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V I ,  COST OF PROJECT 

The c o s t s  of o p e r a t i n g  a s y s t e m  eng inee r ing  course  based on p a s t  

exper ience  have been i temized below. The c o s t  t h a t  may va ry  between 

va r ious  i n s t i t u t i o n s  such a s  s a l a r i e s ,  s t a f f  b e n e f i t s ,  and i n s t i t u t i o n a l  

overhead have not been inc luded .  

Travel ,  s t u d e n t s  and s t a f f  

Guest Speakers : 
Three Honoraria a t  $100 
Three Travel  Expenses 

Reproduction c o s t s  

Telephone 

Fina l  Report--500 copies  ( i n c l u d e s  
s e c r e t a r i a l  t i m e )  

TOTAL 

The s t a f f  r equ i r ed  t o  ope ra t e  such a course  i s :  

$1250 

300 
600 

350 

5 00 

2100 

$5100 

One Course Director--about 50 percent  t i m e  €or 
t h e  academic year--advisor 
t o  15 s t u d e n t s  

One a d d i t i o n a l  --about 25 percent  f o r  d u r a t i o n  
Facul ty  Advisor f o r  of course  
each 15 s t u d e n t s  

One Full-Time Sec'y--for d u r a t i o n  of p r o j e c t ,  ap- 
proximately 5 secretary-months 

The c o s t  of t h e  program a s  o u t l i n e d  above may be a l t e r e d  and/or 

defrayed by a number of techniques .  One p o s s i b i l i t y  t h a t  may be i n v e s t i -  

ga ted  i s  t o  secure funds  from indus t ry ,  or a f e d e r a l  government agency 

t h a t  should l i k e  t o  see a p a r t i c u l a r  problem i n v e s t i g a t e d  by means of a 

s y s t e m s  engineer ing  s tudy .  Some i n s t i t u t i o n s  have a f f i l i a t e  funds es- 

t a b l i s h e d  by indus t ry  c o n t r i b u t i o n s  t h a t  may be used i n  p l ace  of d i r e c t  

i n d u s t r y  support .  Indus t ry  and government agencies  may a l s o  support  a 

s y s t e m s  engineer ing  course  by supplying t e c h n i c a l  speake r s .  This  type  

of a s s i s t a n c e  would reduce t h e  amount of funds  r equ i r ed  t o  secu re  gues t  

speake r s .  
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Two of the l a r g e s t  i t e m s  i n  t h e  proposed budget l i s t e d  above are 

t h e  c o s t s  connected wi th  t h e  p repa ra t ion  of t h e  f i n a l  r e p o r t .  Some pos- 

s i b l e  c o s t  r educ t ion  i n  t h i s  a rea  i s  p o s s i b l e  by r e q u i r i n g  t h a t  t h e  f i r s t  

d r a f t  of t h e  f i n a l  r e p o r t  be prepared by  t h e  s tuden t  ra ther  than by a 

s e c r e t a r y .  Another way t o  reduce t h e  c o s t  of t h e  f i n a l  r e p o r t  i s  t o  re- 

q u i r e  t h a t  each s tuden t  be  r e spons ib l e  for the typing  of h i s  s e c t i o n  of 

t h e  f i n a l  r e p o r t .  An a l t e r n a t e  t o  t h e  last sugges t ion  would be t h e  

charg ing  of a s p e c i a l  course  fee .  T h i s  i s  done i n  some i n s t i t u t i o n s  i n  

courses  t h a t  r e q u i r e  unusual expendi tures .  

I -  
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VII, NEW IDEAS 

The Systems Engineering Course i s  a r e l a t i v e l y  r e c e n t  educa t iona l  

innovat ion.  As such ,  t h e  gene ra l  o p e r a t i o n a l  procedures  a s s o c i a t e d  wi th  

i t  cou:d e a s i l y  be i n  a s t a t e  of f l u x .  The f a c t  t h a t  they  have not  

changed appreciably i n  t h e  f o u r  years s i n c e  t h e  course  began i s  due t o  

t h e  f a c t  t h a t  t h e s e  procedures  have been based l a r g e l y  upon s u c c e s s f u l  

i n d u s t r i a l  procedures f o r  pre l iminary  des ign .  S t i l l ,  s i n c e  t h e r e  i s  

a lways  room f o r  improvement i n  t h e  b e s t  of sys tems,  some areas of poten- 

t i a l  expansion and ref inement  are d iscussed  below ., 

One such a r e a  i s  t h a t  of i n t e r - u n i v e r s i t y  coopera t ion .  Th i s  would 

not  on ly  improve t h e  q u a l i t y  of each schoo l ’ s  course  but  would he lp  to 

reduce %he expenses incu r red  i n  s t a r t i n g  and main ta in ing  such a program. 

For example, a p a i r  o r  more of schools  could s h a r e  and/or exchange such 

t h i n g s  as f i n a i  w r i t t e n  r e p o r t s ,  r e f e r e n c e  books and pape r s ,  taped l e c -  

cures  from d i s t ingu i shed  gues t  speake r s ,  and l is ts  of p o s s i b l e  c l a s s  

t o p i c s .  Anorher p o s s i b i l i t y  would be  f o r  smaller schools  t o  s e r v e  as 

“subcont rac tors”  i n  t h e  des ign  of some of t h e  subsystems t h a t  i n t e g r a t e  

i n t o  a system design undertaken by a l a r g e r  school .  

Coinpet i t ion. between u n i v e r s i t i e s  would a l s o  prove t o  be a rewarding 

exper ience?  as w e l l  as provid ing  a d d i t i o n a l  i n c e n t i v e  t o  t h e  s t u d e n t s  

and f a c u l t y ,  O r ,  t h i s  method could be u t i i i z e d  wi th in  t h e  same u n i v e r s i t y  

between d i f f e r e n t  classes, Decis ions  as t o  which des ign  i s  b e s t  can be 

made e n t i r e l y  on t h e  b a s i s  of t h e  t e c h n i c a l  s p e c i f i c a t i o n s  of t h e  des ign .  

A s h o r t ,  c l e a r  summar) of t h e  r e s u l t s  of each des ign  problem i s  

u s u a l l y  worthy of p u b l i c a t i o n  i n  an a p p r o p r i a t e  t e c h n i c a l  j o u r n a l .  I t  

would be d e s i r a b l e  i f  a l l  such s t u d e n t  papers  could be publ i shed  a t  t h e  

same t i m e  i n  s p e c i a l  i s s u e s  of t h e s e  p u b l i c a t i o n s ,  p o s s i b l y  i n  t h e  

September i s s u e .  

The formation of a n a t i o n a l  o rgan iza t ion  t o  assist i n  t h e  expansion 

and development of sys t ems  engineer ing  courses  i s  another  p o s s i b i l i t y ,  

A sub-committee of t h e  ASEE (American Socie ty  f o r  Engineer ing Educat ion)  

could probably serve  t h e  needs of t h e  p re sen t  number of p a r t i c i p a t i n g  

schoo l s .  Such P committee could a i d  i n  t h e  o r g a n i z a t i o n  of n a t i o n a l  
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s t u d e n t  conferences and s h o r t  Summer s t a f f  conferences.  I t  could a l s o  

coord ina te  p u b l i c a t i o n  of papers and s p e c i a l  i s s u e s  of t h e  t e c h n i c a l  

j o u r n a l s  

Another d e s i r a b l e  program might be t o  a r r ange  a one o r  t w o  week 

symposium on k t o p i c  of na t iona l  i n t e r e s t  such as the  smog problem. Such 

a symposium might be arranged by the  Commission on Engineer ing Education 

w i t h  t h e  a i d  of one of t h e  f e d e r a l  agencies  about l a t e  August. Such a 

symposium a t tended  by the  f a c u l t y  adv i so r s  who are p lanning  a s y s t e m  

s tudy  i n  t h e  f i e l d  (smog c o n t r o l )  would make i t  p o s s i b l e  f o r  t h e  t o p  ex- 

p e r t s  i n  %he country t o  p re sen t  their  viewpoints  t o  many u n i v e r s i t i e s  as 

a. s t a r t i n g  p o i n t  f o r  new s y s t e m  s t u d i e s .  During the school  year  var ious  

u n i v e r s i t i e s  might c a r r y  o ~ t  t h e i r  own s y s t e m  s t u d i e s  and hopefu l ly  come 

up w i t h  t echn ic s1  recommendations. I t  would be u s e f u l  then  t o  have an- 

o t h e r  one or two day fol low-up meeting about June a t  which t h e  conclusions 

and recommendations are presented t o  t h e  government o rgan iza t ion  which 

sponsored t h e  i n i t i a l  meeting. 
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APPENDIX A 

I n i t i a l  Course Announcement, Descr ibing t h e  Over-All 
Plan of t h e  Course At N I T  (1962-1963) 

by W i l l i a m  S o l l a Y  
It i s  the goal of t h i s  course t o  give s tudents  experience i n  and an ap- 

p rec i a t ion  of the ove r -a l l  problems involved i n  carrying out the preliminary 
design phase of a t y p i c a l  complex engineering system while a t  the same time 
permitt ing them t o  examine i n  considerable d e t a i l  one p a r t i c u l a r  aspect of 
the system. I n  order  t o  achieve these two goals i t  is an t i c ipa t ed  t h a t  the 
c l a s s  w i l l  spend approximately one ha l f  of the t o t a l  course t i m e  (1/2 of 180 
hours) becoming acquainted w i t h  the ove r -a l l  system. Through l ec tu res ,  
study of mater ia l  r e l a t ed  t o  the l ec tu re s ,  and so lu t ion  of a few simple 
problems designed t o  i l l u s t r a t e  the bas i c  p r inc ip l e s  involved, each s tudent  
should ob ta in  a f a m i l i a r i t y  with the bas i c  f a c t o r s  influencing the  design of 
a l l  the major subsystems and the manner i n  which they i n t e r a c t .  

The remaining ha l f  of t he  schedyled course t i m e  w i l l  be devoted t o  
carrying out a preliminary design of the weather s a t e l l i t e  system. 
Pa r t  11, designated as Project  Work, w i l l  be ca r r i ed  on concurrently with 
the program out l ined above and w i l l  begin with the formulation of a set of 
requirements and spec i f i ca t ions  f o r  a system which I s  t echn ica l ly  f e a s i b l e  
and economically des i r ab le  and end with a preliminary design f o r  the system. 
For t h i s  phase of the work i t  is proposed t o  organize the class i n t o  small  
p ro j ec t  groups and t o  ca r ry  out the over-al l  design on a team bas i s  i n  much 
the same manner as it  would be done i n  industry,  
c ide on the a l t e r n a t i v e s  t o  be s t u d i e s  and how t o  divide the work i n t o  sub- 
pro j e c t s .  

This 

Each p ro jec t  team w i l l  de- 

Each student w i l l  prepare three reports:  

1. A preliminary r epor t  of spec i f i ca t ions  €or the subsystem which he 
selected f o r  ana lys i s  and a comparison with a l t e r n a t i v e s  (due 
March 19) 

2, Preliminary engineering report  on h i s  subsystem (due Apri l  23) 

3, F i n a l  engineering report  (less than 20 pages) on h i s  subsystem 
(due May 16) 

I n  addi t ion he w i l l  check the r epor t s  of one of h i s  classmatee, and 
through coordination with the  other members of the  class, p a r t i c i p a t e  i n  the 
over-al l&planning and decis ion mak€ng processes. 

A t o t a l  of t h i r t y - s i x  lectures  a r e  planned during the semester. ASout 
ha l f  of these are by the M.I.T. s t a f f  and concentrate on the fundamental 
p r inc ip l e s  involved i n  the  various technologPes of a weather sa te l l i t e  system. 
Tine other  ha l f  of the l ec tu re s  a r e  by outstanding enzineers from indus t ry  and 
government and present a summary of the current  stat3 of the a r t  i n  the  v a r i -  
ous technologies, and projection of t h i s  s t a t e  of th.2 a r t  i n t o  the fu tu re ,  
and a presentat ion of i n t e r e s t i n g  and pe r t inen t  problems a f f e c t i n g  t h e  design 
of a weather sa te l l i t e  system. 



It is planned t h a t  the c l a s s  undertake the preliminary design of a 
major engineering system. In  order t o  make t h i s  problem a s  r e a l i s t i c  a s  
possible,  i t  i s  proposed t o  undertake the engineering of a system which 
appears t o  be technical ly  f eas ib l e  and operat ional ly  des i rab le  but which 
has not yet  been des ignaed  or  b u i l t  by industry.  

Specif ical ly  it i s  proposed t o  undertake the design of an a l t e r n a t e  
equator ia l  weather s a t e l l i t e  system. 

I n  order  to undertake t h i s  design i t  is proposed t h a t  the c l a s s  organ- 
i ze  i t s e l f  in to  the following project  groups: 

1. Launch f a c i l i t i e s  - (missile t ransport ;  launcher complex; launch 
checkout system and instrumentation system) 

This  group w i l l  explore the technical  design problems and the 
r e l a t ive  merits of launching the equator ia l  s a t e l l i t e  from a ship,  
barge, o r  i s land  near the equator, taking r e a l i s t i c  account of the 
addi t ional  instrumentation and launching f a c i l i t i e s  involved versus 
launching from Cape Canaveral which involves a large booster s i z e  
penalty due t o  a lldog-leg" t r a j ec to ry  involved i n  order t o  a t t a i n  
an equator ia l  o r b i t .  

2. Booster system - ( rocket design, aerodynamics, s t ruc tures ,  thermal 
design, guidance and control  system; s tage separat ion and dynamics) 

This group will undertake the technical  design of a multi-stage 
so l id  propellant rocket booster* and compare i t  w i t h  the a l t e r n a t i v e  
of using one of the current IRBM or  ICBM boosters.  (Only unclassi-  
f i ed  published data  w i l l  be used f o r  these IRBM and ICBM boosters.)  
The comparison of l i q u i d  VS. so l id  propel lant  boosters f o r  t h i s  m i s -  
s ion  will include the r e l a t i v e  costs ,  a v a i l a b i l i t y ,  and r e l i a b i l i t y ,  
as  well as  the re la ted  launching f a c i l i t i e s  and equipment. 

3 ,  S a t e l l i t e  system - (TV, I R ,  radar sensorsp in tegra t ion  of communica- 
t i o n  system, power supply system, data  s torage and readout system, 
s t a b i l i z a t i o n  system, s t r u c t u r a l  and thermal design) 

T h i s  group w i l l  s e l e c t  the most promising sensor systems and 
the power supply and together with Group 4 s e l e c t  the comunication 
system, An ea r ly  system (for  use 1965-1970) will be designed and a 
second generation system ( for  use i n  1970-1980) w i l l  be recommended 
f o r  research and development wi th  preliminary est imates  on perfor-  
mance p o t e n t i a l i t i e s .  An important decis ion w i l l  be whether t o  use 
only TV and I R  systems i n  the f i r s t  generation system o r  whether t o  
include a l s o  communication re lay  from ocean based t ransmi t te rs  o r  
f loa t ing  balloons,  
se lec t ion  of a s t a b i l i z a t i o n  system. 
delayed by the complexity of i t s  s t a b i l i z a t i o n  system. 

The other  c r i t i c a l  decis ion w i l l  be i n  the 
The Nimbus system has been 

Alternate  

jrllhe students  may a l so  s e l e c t  a l iqu id  or  hybrid propel lant  rocket system but 
w i l l  need t o  show tha t  such a system has advantages from the standpoint of 
r e l a t i v e  costs,  a v a i l a b i l i t y  and r e l i a b i l i t y .  



4. 

5 .  

6 .  

p o s s i b i l i t i e s  a r e  to  use a spinning sa te l l i t e  with sp in  axis p a r a l l e l  
t o  the Earth 's  polar  axis, o r  t o  use gravity-gradient s t a b i l i z a t i o n  
taking advantage of the "dumb-bel1 effect ."  
problem which need t o  be analyzed quant i ta t ive ly  i n  order  t o  reach 
a technical  decision. This s a t e l l i t e  design group will probably be 
divided i n t o  a number of subgroups i n  order t o  d i s t r i b u t e  the work 
more evenly. 

Each of these has o ther  

Communication system 

This group w i l l  be responsible f o r  the s a t e l l i t e  and ground 
The group g i l l  *also based portions of the communication system. 

design two types of ground stations--one f o r  t h e  d i r e c t  readout of 
the  weather data  f o r  purposes of l oca l  weather forecasting, and a 
second s t a t i o n  f o r  delayed readout a t  a cen t r a l  f a c i l i t y  f o r  pur- 
poses of t rop ica l  weather research. Idea l ly  the d i r e c t  readout 
s t a t i o n  would consis t  of the simplest equipment (Yagi array,  re- 
ceiver  and facsimile recorder) and would be automatic without 
command, The group w i l l  recognize tha t  the delayed readout system 
should be consis tent  with the Nimbus and Aeros requirements whenever 
feas ib le  e 

Data processing system 

This group w i l l  study the t o t a l  data  processing system bath 
f o r  loca l  weather forecasting purposesI and f o r  more general  mete- 
orological  use i n  connection with t rop ica l  weather research and t h e  
use of numerical weather forecast ing systems, 
f i e l d  are badly needed, and may represent an important contr ibut ion 
t o  the design cf a weather s a t e l l i t e  system. 

New ideas  i n  t h i s  

Project management (including Indus t r i a l  Management) 

A small project  management group w i l l  coordinate the  over -a l l  
studyp s e t t i n g  time schedules f o r  the study and also preparing a 
schedule f o r  the development of the complete system including es- 
t imates of time and costs. 

Each of the f i r s t  f i ve  groups w i l l  s e l ec t  one of t h e i r  members as group 
project  engineer and another member a s  a s s i s t an t  group pro jec t  engineer. 
The posi t ions w i l l  be rotated every four weeks, the a s s i s t an t  group p ro jec t  
engineer acvancing t o  project  engineer. 
a s s i s t an t  group project  engineer represent t h e i r  groups i n  the pro jec t  
management group. One of the f ive group project  engineers w i l l  be se lec ted  
as projec t  manager. One of the f i v e  a s s i s t a n t  group project  engineers w i l l  
be selected as a s s i s t an t  project manager. The pro jec t  management group will 
have the respons ib i l i ty  of making decisions on the many t rade-offs  which are 
involved i n  the over-al l  system. Their decisions and the reasons f o r  these 
decisions w i l l  be reviewed before the whole c l a s s .  A selected group of s tu-  
dents i n  i n d u s t r i a l  management will support the pro jec t  management group i n  
planning and scheduling and cost estimating. 

The group project  engineer and 



APPENDIX i3 

* 

MIT and Stanford projects in 

I 

1 1 system engmeering-an educational 
emerience in creative design 

I 

SOME EXPERIMENTAL PROJECT courses have been 
conducted during the past 4 years at MIT and Stanford 
University in the design of relatively complex engineering 
systems, These projects utilized teams of graduate students 
from many disciplines of engineering supervised by 
faculty advisors and assisted by outstanding lecturers 
from industry and government. 

Participation in these system-engineering projects has 
proven to be highly rewarding for the participating faculty 
and for students. These projects turned out to be an 
excellent way for finding unsolved technical problems on 
the frontiers of technology. These unsolved problems 
provided opportunities to find useful engineering research 
topics for the graduate students and to exercise ingenuity 
in the design of clever solutions for these unsolved prob- 
lems. 

Such a system-engineering project does not replace 
the conventional courses in circuit design, mechanical 
design, etc. Rather, the project supplements these courses: 
they give the students a chance to formulate their own 
technical problem as a part of a major system to supply 
human needs. This accurate formulation of the techni- 
cal problem in the light of all the complex and conflicting 
requirements of real life is an important first step to the 
solution. The proverb that “A problem well put is a prob- 
lem half solved” applies to technical as well as human 
problems. 

Introduction 
During the past 20 years, U.S. schools of engineering 

have quite properly reoriented their curricula to teach 
the fundamental princip!es of the sciences basic to engi- 
ing. Also they have quite properly increased their em- 
phasis on engineering research to gain better understand- 
ing of engineering materials, processes, and phenomena. 
In this reorientation, the creative aspects of engineering 
new devices and products useful to man have, however, 
tended to be suppressed. 

The question of how to teach creative engineering in 
the current academic environment is one which has con- 
cerned many engineering faculties. The problem is some- 
what similar to  that involved in teaching scientific or tech- 
nical research. Giving lectures on how to do research 
has been found to be a sterile business. The only effective 
means which has been found to date is to have the stu- 
dents participate in a research project with a competent 
and inspiring teacher. Similarly it seems that the only ef- 
fective method for teaching creative engineering is for 
the students to take part in creative engineering-design 
projects. 

The question then comes up whether the student can 
acquire this learning experience in creative engineering 
design at the university. In principle, it could be carried 
out either at the university or in industry in the same 
way as a student could learn to do  research either at 
the university or industry. Each has advantages and dis- 
advantages. This paper describes an experiment which 
has been conducted at MIT and Stanford University dur- 
ing the past 4 years; the aim has been to explore the 

William Bollay 

potentialities of carrying out such system-engineering 
studies at a ilniversi!y as an interdisciplinary course for 
a large class of graduate students of science and engineer- 
ing. This program was started in 1962 at MIT and in 
1963 at Stanford University. Both of these programs are 
continuing. This report describes some of the lessons 
learned, particularly from the standpoint of stimulating 
faculty and students to  think in terms of innovation and 
creative engineering. 

First step in innovation: find a need for a new device 
To teach creative engineering, the first critical con- 

sideration as in all invention is to find a problem which 
requires solution. Then the problem with all of its es- 
sential boundary conditions must be clearly and ac- 
curately formulated. 

How do we find these well formulated problems at the 
universities? Should the universities count upon industry 
to find and formulate their problems and present them 
to the students? This can hardly be expected. For in- 
dustry would normally not only formulate its problems 
but would also ordinarily solve those which are tractable. 
Thus, at the most, only the intractable problems would 
be referred to the university; these would not ordinarily 
provide promising subject matter to encourage students 
and faculty in creative design. 

Or should the students only rework old problems with 
known solutions? Students can learn many excellent engi- 
neering lessons from old problems presented in an instruc- 
tive manner, step-by-step, as the engineer actually experi- 
enced the situation. Such case studies to teach engineering 
design are being developed at Stanford and at other engi- 
ileering schoo!s. This technique appears to be as promis- 
ing for teaching engineering as it has been in the schoo!s 
of law, medicine, and business administration. And old 
problems have the advantage of a known solution. 

As a supplement to case study, the student of engineer- 
ing should have at least one short exposure to a real-life 
situation: He must find and formulate his own problem 
as a partial solution to a complex overall need. Such an 
experience is usually faced by the chief engineer of any 
company. He must anticipate the future trend of develop- 
ment and initiate his own studies-both to find hardware 
items to develop and also to prepare his company for 
future system-development projects. 

It is an excellent experience for a student of engineer- 
ing to participate in a stimulating design study while he 
is still at the university. First of all, this is the period of 
his life when he is most creative. Thus he is more likely 
to come up with a significant new approach than when 
he has been conditioned by experience to  be more cautious 
and conventional. Secondly, if he has a talent for in- 
novation he has an opportunity to taste the thrill involved 
in this phase of engineering; thus he is more likely to 
become an innovative engineer than an analyst or ad- 
ministrator. 

In aeronautics and astronautics, the opportunities for 
major new innovations occur mainly on the frontiers of 
the technology. These opportunities are usually found by 
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making a broad system study and searching for ways and 
means of using the new technology as a better method 
for satisfying human needs. For example, current space 
technology makes it feasible to have earth satellites ob- 
serve and relay data about events over the entire surface 
of the earth. Moreover, these functions can be performed 
economically and reliably by taking advantage of the 
microminiaturized computers which are currently being 
developed. A careful system study is required, however, 
before these general potentialities can be converted into 
an automatic weather-forecasting system. 

One approach to the teaching of system engineering 

Most universities are organized for administrative rea- 
sons along the lines of the traditional technologies- 
mechanical engineering, electrical engineering, chemical 
engineering, etc. Similarly, in industry the engineering de- 
partments are usually organized along functional lines. 
To undertake the study or preliminary design of any 
major new system, industry has found it essential to 
organize multidisciplinary teams of engineers and sci- 
entists. It appears that the same approach is necessary at 
the universities. In industry each of the participants of 
such a multidisciplinary team is usually an  outstanding 
engineer in his own field. Ideally, he should be inventive 
and innovative with a superior understanding in his own 
technology and a reasonable understanding of the funda- 
mentals in  the neighboring disciplines. In addition, he 
should be cooperative in working with other members of 
the team and this involves traits of character which are 
as important as technical excellence. 

The following approach was used at MIT in 1962-63 
and at  Stanford during the past 2 years. Three to five 
professors from such fields as aero-astronautics, instru- 
mentation engineering, mechanical engineering, electrical 
engineering, and industrial engineering served as faculty 
advisors to  the class. One of the professors was overall 
organizer and coordinator of the project. The advisors 
selected a class project which met the specifications that 
it represent a complex engineering system not yet de- 
signed nor in existence but which gives promise that it 
could be designed with the current technology and which 
would satisfy an important need of society. 

The projects and the faculty advisors were as follows: 

MIT (1962-63) 
Equatorial Weather- 
Satellite System 

Project Other Faculty 
Organizer Advisors 
W. Bollay D. N. B. Baumann 

Y. T. Li 
Rene Miller 
W. W. Seifert 

Stanford University (1963.644) 
Weather Data-Col- W. Bollay R. H. Cannon, Jr. 
lection System (as a Bruce B. Lusignan 
basis for an auto- 
matic weather-fore- 
casting system) 

Each of these projects has been successful and viable. 
The MIT projects are being continued under the direc- 
tion of Professors W. W. Seifert and Rene Miller. Pro- 
fessor Seifert managed a project during 1963-64 on an 
advanced orbiting observatory. During the spring of 1965, 
two projects were under way at MIT-one under Pro- 
fessor Seifert on a high-speed transport system between 

Boston and Washington, D. C., and one under Professor 
Miller on a manned Mars exploration system. 

At Stanford, the project continued during 1965 under 
the management of Professor Lusignan on an  unmanned 
Mars exploration system. 

The sizes of the classes have varied from 30 to 60 
students. Most of them have been graduate students from 
engineering and science. In  addition, a few students from 
such departments as English and philosophy have par- 
ticipated on the editorial, planning, and evaluation func- 
tions. The course duration has been one semester at MIT 
and two quarters at Stanford. 

About half of the lectures, dealing with fundamental 
principles, were given by the academic staff of the uni- 
versity; the other half, dealing with the state-of-the-art of 
the technology, were given by engineers from industry 
and government. The students devoted 12 hours per week 
to this project (two afternoons of 3 hours each in class 
and 6 hours per week to  direct project work). They 
organized the work under student group leaders of their 
own choosing and changed group leaders every 4 weeks 
to provide the opportunity for project management to a 
large percentage of the students. One student served as 
project manager for each 4-week period. 

At the conclusion of the study, the students presented 
a 3-hour briefing of their conclusions to leaders from in- 
dustry and government including the lecturers who had 
initially contributed to the course. In addition, they pub- 
lished a report of about 300 pages summarizing the con- 
clusions and recommendations of their studies. 

What benefits? 

Most of the students in these courses indicated that 
they gained an excellent appreciation of what is involved 
in the engineering of a real system. The course strongly 
motivated them to dig into the literature and find out 
about the current state of the art of the technology in 
their own fields and the advantages and shortcomings of 
the various alternatives from the standpoint of the over- 
all system. This critical search for an analysis and evalua- 
tion of the current technical approaches usually served 
as the first step in the development of an improved sys- 
tem. By having to defend their inventions, students 
sharpened these new concepts considerably before the 
semester ended. 

Some of the interesting ideas which were generated: 
MIT equatorial weather-satellite system: It was con- 

cluded that a simple gravity-gradient stabilized satellite 
in a circular orbit at a height of about 2,500 nautical 
miles would provide a direct readout of the earth's cloud 
system over the equatorial belt of the earth from -30' 
to f 3 0 "  latitude. Three such satellites weighing about 
200 pounds each would provide a cloud picture every 
hour. The picture covered an area of about 4,000 by 
6,000 miles. One of the innovations was a simple line- 
scan TV system along north-south lines. This trick in 
association with the equatorial orbit greatly facilitated de- 
sign of the direct readout and rectification system. As a 
result, the ground station was simple enough so that it 
could be used on any ship at sea or in any of the under- 
developed countries around the equatorial belt where 
hurricanes are a threat. Other innovations included a 
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cerium 144 nuclear-power generator and a mobile-silo 
sea-launch system. 

Stanford data-collection satellite: It was concluded 
that a system of three satellites weighing about 400 
pounds each, either in 120" spaced polar orbits or in 
mutually orthogonal polar and equatorial orbits, at a 
height of about 1,200 nautical miles, would provide an 
ideal method for the collection of weather data from 
automatic stations on land, on buoys at sea, or on con- 
stant-pressure balloons. Such a system would provide 
the inputs required by a ground-based digital computer 
for integrating the equations of motion of the atmosphere. 
This computer could thus constantly provide an auto- 
matic updated forecast of major weather patterns. Some 
of the detailed design concepts which required innova- 
tion and creative engineering involved a satellite-borne 

computer which could determine the position of the 
constant-pressure balloons. Further, from the change in 
position with time, the computer could determine the 
wind at these various locations. The booster design also 
included a new method for the control of large solid- 
propellant rockets when used in a cluster arrangement. 
The launch system proposed was a novel use of the 
FLIP (Floating Instrumented Platform). 

In addition to these new design concepts, another use- 
ful contribution was the formulation of one of the 
critical problems-a means of measuring the mean tem- 
perature of a layer of air. As a result of this problem 
formulation by the Stanford class, one of the visiting 
lecturers, Professor V. E. Suomi of the University of 
Wisconsin, was stimulated to work out an ingenious 
solution with some of his graduate students. 



THE SPACE SYSTEMS 1 NGINEERING COURSE 
AT STANFORD UNIVERSITY 

B. B. LUSIGNAN* 
Stanford University, Stanford, California (U.S.A.) 

1. Introduction 

The Space Systems Engineering coursc taught at Stanford is similar in 
most respects to that taught at MIT and described by Professor HALFMAN 
in the previous paper. The course was first taught at Stanford in the winter 
and spring of 1964. It was directed that year by Dr. William BOLLAY 
who had helped organize the MIT course the previous year. Students at 
Stanford, as a t  MIT, have responded favorably to the course-in fact, a t  
Stanford the enrollment doubled from 25 to 50 students in the two years 
the course has been offered. Considered experimental during the first two 
years, the course is now a permanent part of Stanford’s engineering cur- 
riculum. 

The general format of the course and the benefits the students derive 
from it have been amply described by Prof. HALFMAN. 1, therefore, will 
not dwell on these aqpects of the course. Rather, I will describe in some 
detail the outconie of the 1965 project at Stanford, the design of an unman- 
ned Mars exploration vehicle. In doing this I will try to illustrate the various 
benefits derived from the course. The high quaiity of the finai design illus- 
trates that the students have indeed formed an cffective design team. Some 
of the concepts devised by the studcnts make real contributions to the actual 
space system. These contributiorls illustrate the importance of one of the 
major skills taught by the course-that of communicating with engineers and 
scientists of widely varying backgrounds. 

We find that studies by the student teams both at MIT and Stanford has 
resulted in final designs that are equivalent in quality to studies lperformed 
by industrial teams. Several things contribute to this result. First, the 
student teams have as many, and sometimes more, people working on the 
study than an industrial team would have for a similar project. The academic 
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Table I 

List of guest speakers for Mars exploration study 
- -- 

Lecturer 
_- 

A. Visiting lecturers 
Der Garabedian, Mr. Paul 

Space Technology Laboratories 
kssler, Dr. Alexander J., Head 

Space Science Department 
Rice University 

Eckman, Dr. Philip 
Jet Propulsion Laboratow 

Elizalde, Mr. Juan C. 
Spacecraft Heat Transfer Dept. 
Space Technology Laboratories 

Gingrich, Dr. James E. 
Atomics International 

Gradecak, Mr. Vjekoslav 
Future Project Office 
NASA-Marshall Space Flight Center 

Boeing Scientific Research Labs 

NASA-Ames Research Center 
Klein, Dr. Harold 

NASA-Ames Research Center 
Masursky, Dr. Harold 

Lunar and Planetary Studies 
U.S. Geological Survey 

McMurtry, Dr. Burton 
Optics Department 
Sylvania Electronic Systems 

Neustein, Dr. Joseph 
Electro-Optical Systems, Inc. 

Newman, Dr. Temple 
Aeronutronics, Inc. 

Peery, Dr. David 
General Dynamics/Astronautics 

Pickering, Dr. William H., Head 
Jet Propulsion Laboratory 

Reese, Mr. David E., Jr. 
Vehicle Environment Division 
NASA-Ames Research Centee 

Lockheed Missiles and Space CO. 

Autonetics Division 
North American Aviation, Pnc. 

Grosser, Dr. Morton 

Hornby, Mr. Harry 

Schneyer, Mr. Raymond 

Smith, Mr. Gordon 

- --- 
Topic 

Upper stage and braking rockets 

Particle detectors 

Communications with a Mars vehicle 

In-flight propellant storage 

Radioisotope power supplies 

Saturn rocket systems 

Technical writing 

Manned exploration of Mars 

The Mars mission: problems involved in 
life detection 

I Martian geology 

Lasers for space commun ications 

Spacecraft power supplies 

The automated biological laboratory 

Atlas/Centaur rocket systems 

I 
1 The Mars mission 

Definition of the Mars atmosphere from 
entry vehicle measurements 

Decontamination of a Mars probe 

Aeeospace computers 
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Table 1 (conr.) 
-.- 

Lecturer 

Smith, Dr. Richard 

Solin. Dr. Robert 

Sonnett, Dr. Charles 

United Technology Corporation 

Space Technology Laboretoria 

Space Science Division 
NASA-Ames Research Center 

Engineering Mechanics Div. 
Jet Propulsion Laboratory 

Dept. of Astronomy 
u. of California, Berkeley 

Mission Analysis Division 
NASA-Ames Research Center 

Northrop Space Laboratories 

Spencer, Mr. Dwain F. 

Spinrad, Dr. Hyron 

Syvertson, Dr. Clarence A. 

Worth, Mr. Robert 

B. Stanford staff lecturers 
Bollay, Prof. William 

Breakwell, Dr. John V. 

DeBra, Dr. Daniel 

Eshleman, Prof. Von R. 

Garriott, Prof. Owen K. 

Dept. of Aeronautics/Astronautics 

Dept. of Aeronautics/Astronautics 

Dept. of Electrical engineering 

Dept. of Electrical Engineering 

Dept. of Electrical Engineering 
(NASA Scientist-Astronaut) 

Exec. Head, Dept. of Genetics 
Professor, Dept. of Biology 

Eevinthal. Dr. Elliott 
Dept. of Genetics 

Eusignan, Prof. Bruce B. 
Dept. of Electrical Engineering 

Seifert, Prof. Howard 
h p t .  of Aeronautics/Astronautics 

Eederberg, Prof. Joshua 

~- 

Topic 

Solid’propellant rocket systems 

The Mars mission 

Magnetic field measurements 

Approaching the problem of an unmanned 
landing on Mars 

The planet Mars 

Manned Mars missions and their effect on 
unmanned missions 

Early Mars mission descent and landing 
system 

Introduction to trajectory and propulsion 

Mars orbit analysis 

Spin stabilization 

Radar determination of the Martian 

Radio propagation measurements of inter- 
planetary and planetary electron concent- 

Planetary life 

atmosphere 

rations 

The multivator life sensors 

Introduction (0 communications 

Electric propulsion systems 

training of the student team is perhaps slightly higher and certainly more 
recent; about a third of the team have Master’s degrees, while the rest have 
at  least Bachelor’s degrees. In addition, three or four faculty members 
contribute to the effort. 
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The principal deficiency in the student team is, of course, in the area of 
experience. Over half of the students have never worked in industry, and of 
those who have, most have had only summer job experience. To compensate 
for this lack of student experience, the most experienced people in the 
pertinent fields are invited to give one-hour briefings to the class. The 
leading experts in the space field have been very helpful in supplying the 
students with the necessary information. The succcss of the course and the 
quality of the resulting design is due in a large part to such enthusiastic 
cooperation by these experts. A list of guest speakers who contributed to last 
year's Mars exploration.study in given is Table 1. 

2. Sampler: A Mars Exploration System 

The following description is of necessity superficial. The complete details 
of the Sampler design are to be found in the 500 page final report on Sam- 
pler, written by the class and published by the School of Engineering of 
Stanford University. 

The final mission designed for a 1971 launch consists of two identical 
landing vehicles and one orbiting vehicle to be launched by a Saturn 
IB/Centaur rocket system. The total payload weight is 7585 Ib, considerably 
below the capabilities of this launch system for a Mars trajectory. This will 
allow the system, or a slightly modified version of the system, to be launched 
for the 1973 Mars opportunity. In 1971 the extra capability allows choice of 
a trajectory that gives a shorter transfer time from Earth to Mars, thus 
increasing the reliability; a shorter communications distance, thus increasing 
the information rate; and an earlier time of arrival, putting the life detecting 
experiments on the surface of Mars at the height of the wave of darkening 
(Mars' spring), rather than in Mars' summer when the possibility of detect- 
ing life is probably lowest. Although the rocket would most likely be avail- 
gble for a 1969 launch, it was decided that the development time for the 
landing vehicles would not permit this and a test shot of the orbiter alone 
was recommended. A weight breakdown of the Sampler system is shown 
in Table 2. 

Table 2 
Weight breakdown of the Sampler system -- 

I midcourse motor 
2 landers at 1655 Ib each 
1 orbiter 
Retro-rocket (1.2 times orbiter weight for 

November 1 arrival) 
Cylinder to contain lander capsuks 
Total approximate weight 

300 Ib 
3310 
1475 

1800 
700 

7585 Ib 
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1-igure I shows an artist's conception of the Sampler lander. The lander 
is separated from the main vehicle about a week before arrival at the planet. 
It is deflected to an impact course with the planet by a small rocket and its 
entry velocity is initially reduced by atmospheric braking. The heat shield 
which protects the main instruments is separated after the velocity goes 
below Mach 1 and a parachute is deployed to slow the descent further. The 
lander is cushioned against final impact velocities up to 90 mph by 18 in. of 
crushable aluminum honeycomb on its bottom and sides. After impact, the 
lander opens up as shown in the illustration. Power is supplied to the lander 
by a 35 W radio-thermal generator which also supplies 665 W of thermal 
power to control the lander temperature in the cold Martian environment. 
Communications are made directly to Earth at a rate of 5 bits per second 
(bps) with a 4 W, 2.3 Gfiz transmitter or by relaying through the orbiter 
at 5000 bps with 15 W at 308 MHz. The orbiter is commanded at  a 10 bps 
rate directly from Earth. The vehicle has a designed lifetime after landing of 
greater than 6 months. 

The experiments carried by the lander are listed in Table 3. 

Table 3 

Experiments carried by the lander 
__- 

Geological 
Television 
Atmospheric measurements 
Determination of surface characteristics 
hference of internal structure 

Biological 
Gaseous and liquid composition of the surface 
Organic composition of the surface 
Inorganic constituents of organic matter 
Presence of amino acids, sugars, porphyrins, nitrogeneous bases, 

and aliphatic hydrocarbons 
Photosynthesis and respiration 
Wtilization qf carbohydrates by organisms 
Enzymic activity 

__ -- 

At the time the students did their study, there was much discussion in 
NASA planning groups over whether an Automated Biological Laboratory 
(ABL) should be included in the first Mars lander. Although no detailed 
design of such a laboratory had been completed at that time, it was felt that 
a Saturn IB payload was inadequate for such an instrument. One of the 
students' major contributions to the actual Mars exploration is a detailed 
design of an integrated biological laboratory. The design was carried out 
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- 
Scientific payload 
Power supply 
Environmental control 
Communications 
Data processing. 
Structure 
Impact attenuation 
Lander weight 

in morc detail than is norinal on a preliminary dcsign study because of 
the newness of this concept. Tlic two biology students and two engineering 
students who produced this design conclusively illustrate the need for 
communication between specialists in  different areas. The final weight 
estimate for the biological laboratory is 67 Ib (see Table 4), which agrees 
well with recent designs of an ABL by Dr. Joshua LEDERBERG. 

160 
80 
30 
25 

260 
190 

1 5  

750 

Table 4 

Weight breakdown for biological laboratory 
___ _ _  

Item lp-- - ~ _ _  .~ 

Deflection rocket 
Spin rockets 
Separation system weight 
Lander system weight 

Sampler (total) 
Ovens 
(2) Gas chromatographs, 7 lb. ea. 
(2) Mass spectrometers, 2 Ib. ea. 
Culture chambers 
Photosynthesis chambers 
Chemistry 
Optical spectrometer 

Total approximate weight 
-. 

30 
15 

45 
1665 

7 
2 

14 
4 
5 
5 

20 
10 
67 Ib 
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!n addition to producing a realistic laboratory design, the course has 
also contributed to the space effort by producing biologists who really know 
the practical engineering constraints of Mars exploration. 

Figure 2 shows the orbiting vehicle using a solid retro-rocket to slow it 
down and establish an orbit about Mars. This vehicle carries a normal 
complement of interplanetary experiments as well as a full complement 
of planetary mapping and radiation experiments (see Table 6). 

Table 6 
Exprimenta aboard orbiting vehicle 

Compartment I 
Photographic mapper and IR sensors 

Compartment I1 
Magnetic field 
Cosmic ray 
Cosmic dust 
Bistatic radar 
Topside R sounder 
Communications 

Mounted at focus of 18-ft antenna 
Gamma ray spectrometer and high energy particle dctcctor 
Solar plasma 
Cosmic dust and cosmic ray 

_ _  __--- -- 

The principal planetary experinient is photographic mapping. The system 
chosen is a wet film developing system similar to that used in the Russian 
lunar photography experiments and the American Lunar Orbiter program. 
The Sampler orbiter is capable of mapping the entire surface of Mars to 
a resolution of about 30 m (100 ft). This it docs through three different 
colored filters and in addition does lower resolution, infrared mapping of 
the planet. The orbiter is stabilized inertially using either the radio beacon 
from the Earth or the Sun and either of the stars, Canopus or Capella, as 
reference directions. As a back-up, the spacecraft can be spun slowly and 
stabilized by command from Earth using any one of eight possible gas jets. 

Figure 3 shows the entire space vehicle just as one of the landing vehicles 
is being ejected from the main spacecraft. Both landers are carried inside 
a canister. The sealed canister and tjvo landers are heat sterilized before 
launch. In the illustration, the top of the canister can be seen drifting away 
while the one lander in its heat shield has just been released. The second 
lander is still within the canister. After the second lander is released and put 
on an impact trajectory to Mars, the remaining part of the canister is ejected 
from the launch vehicle. The midcourse correction rocket can be Seen 



mounted on the top of the sterilization canister, canted to thrust through 
the center of gravity of the entire assembly. More details of the orbiting 
vehicle can be seen in this position. As is apparent, the orbiter consists 
primarily of an 18-ft diam, parabolic reflector. The compartment a t  the 
focus of the parabola contains antenna feeds and those experiments that 
need direct access to the solar plasma without shadowing by spacecraft 
structure. 

This figure also clearly illustrates probably the major contribution of 
this year’s class study to space technology. The Sampler orbiter vehicle is 
capable of transmitting information from Mars at a rate of 250,000 bps. 
It is this bit rate that allows the very high resolution mapping of the Martian 
surface and transmissim of surface television pictures from the lander back 
to earth. This high bit r d e  is more than 3000 times the rate of the recent 
Mariner IV spacecraft and inore than 25 times the rates quoted for early 
dcsigns of Voyager (1971 NASA Mars exploration vehicle). The key to this 
high bit rate is, of course, the 18-ft antenna. The chief contribution by the 
students is that they have devised a way to include in a single structure both 
the large antenna and the necessary solar cell power supply. This is done, as 
shown in the figure, by coating the parabolic surface with the solar cells of 
the electrical power supply. The antenna then is oriented toward the Earth 
which causes some loss of power to the solar cells since the Sun’s rays will 
no longer shine directly on them. However, from Mars the difference in 
directions to the Earth and to the Sun never exceeds 47”, giving at worst 
a loss in spacecraft power of 30%. The area of the dish is more than enough 
to provide power sufficient to compensate for this loss. By combining these 
two systems into a single structure, it is possible to have the large antenna 
while maintaining a simple spacecraft design. There are no deployable solar 
panels or booms on the Sampler orbiter. The required pointing accuracy for 
the antenna is about I ” ,  well within the requirements of even the Mariner 
spacecraft. 

The main source of worry with this concept was the possibility that the 
solar cells would interfere with the radio characteristics of the antenna. 
Although the surface rousliness introduced by the cells was well within the 
tolerances of any antenna, the worry was that the solar cell semiconductor 
material would absorb the radio energy and thus reduce the amount trans- 
mitted. The students found theoretically that the radio “skin depth” of the 
solar cells was much greater than the actual thickness of the cells. Therefore 
the radio energy should penetrate to the solder backing of the cells and be 
completely reflected rather than absorbed. Calculations also showed that 
this process caused no appreciable phase shift of the reflected radio energy. 
TO confirm the theoretical results, the students mounted a panel of solar 
Cells at  the end of a waveguide and actually measured the reflectivity cod- 
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ficient of the panel. It was found that the experimental results agreed with 
predictions and the radio reflectivity of the solar cells was no problem at all. 

This contribution to space technology came directly from the com- 
munication between engineering students of different backgrounds. Initially 
electrical engineers from the d.c. (power supply) end of the spectrum and 
from the radio frequency end of the spectrum had to talk together. The 
trajectory analysis enginears realized that the Eatth-Mara-Sun angle never 
became large enough to reduce the solar-cell power output seriously. The 
engineers responsible for stabilization of the spacecraft found the pointing 
requirements for the large antenna well within present capabilities; and 
finally, the mechanical designers realized the enormous simplification of the 
spacecraft design that would result if the solar power supply and the antenna 
could be combined. 

Although each individual who contributed had the answers to his particular 
part of the question, the new concepts would not have evolved if the engineers 
had not been working together as a team. It was the ability to communicate 
with, to understand, engineers and scientists in otherjields that led to the new 
innovations in the systems design. The mechanical engineers, electrical 
engineers, industrial engineers, aeronautical engineers and the biologists that 
participated in this course are now able to talk to and understand each other. 
They can explain their ideas and in turn understand the ideas of their fellow 
designers and they realize the very great importance of such communication in 
a system design study. The quality of the Sampler study bears witness to the 
importance of these concepts and to the ability of the approach used at Stanford 

and at MIT to teach them. 

3. The 1966 Study 

The subject of the 1966 Stanford Space Systems Engineering course is 
the World Weather System. The goal of the projcct is to prepare a prelimi- 
nary design of an international weather forecasting system which takes full 
advantage of potentially available satellite and computer technology. The 
study will include analysis and preliminary design of satellites, sensors, 
ground equipment, forcasting computer programs, and studies of political 
and economic factors. The Stanford design team will include from 40 to 
60 graduate students from electrical, mechanical, aeronautical, and indus- 
trial engineering, business, economcis, and political science. Since this study 
will include international aspects of this worldwide problem, the participa- 
tion of qualified foreign students from developed and underdeveloped 
countries, from the eastern and western parts of the world. will be en 
couraged. 
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Background inforniation on satcllite technology, meteorology, and 
political and economic factors will be supplied by over 25 guest speakers 
from American, and foreign universities, government, and space industries. 
Additional information will come from field trips to nearby facilities. 

4. S:irnmiry 

Stanford's experience with the Systems Engineering course has bcen 
highly rewarding to both'students and faculty. Bascd on this experience, we 
would strongly recommend that other enginecring schools try this type of 
course if they are not prcsently doing so. The initial organization, financing, 
and tcaching of such a course is not straightforward and we have modified 
and improved our approach through thc years. I f  i t  would provc helpful 
to other schools to start such a course, H'C would be glad to forward to them 
thc details of our prescnt course organization 011 request. 

There would be advantages to having several schools in various countries 
conducting such courses study the same topic simultaneously (i.e. design 
the same or perhaps different aspects of the sanic system) and exchange in- 
formation on their progress. This would be an effective mcans of exchanging 
scientific information and establishing communications bctween the young 
generation of scientists and engineers. It would makc a wider range of 
speakers available to the individual courses by recording talks given at  one 
university and mailing these recordings and associated slidcs to the other 
participating schools. And finally, by choosing a topic of real international 
interest, realistic system studies would be obtained that would reflect and 
perhaps reconcile the viewpoints of several countries. If cooperation of this 
sort proves feasible, Stanford would be happy to participate in such 
a program. 



Fig. 1. Artist's conception of the Sampler lander 

Fig. 2. Orbitin8 vehicle'hinp a solid retro-rocket to rlow it down and establish an orbit 
about Man 



Fig. 3. Sampler orbit ejecting one of the landing vehicks 
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Abstract  

To acquain t  f o u r t h  and f i f t h  year  s t u d e n t s  w i t h  t h e  

problems and prac t ice  of c r e a t i v e  engineer ing  of complex 

systems, the f a c u l t y  i n  Aeronautics and As t ronau t i c s  a t  

Massachusetts I n s t i t u t e  of Technology has developed a very 

s u c c e s s f u l  course i n  Systems Design. With  cooperat ion from 

studerits  and f a c u l t y  from o t h e r  Departments and from ex- 

pe r t s  from indus t ry  and government, t h e  s t u d e n t s  organize  

i n t o  a team e f f o r t  w i t h  a p r o j e c t  leader and s u b s i d i a r y  

groups t o  provide spec ia l i zed  s u p p o r t ,  With s t u d e n t  i n -  

i t i a t i v e  and e n t h u s i a s t i c  f a c u l t y  suppor t ,  an  in tegra ted  

des ign  slowly and h a l t i n g l y  takes shape w i t h  p rog res s  

s t r o n g l y  dependent on adequate intercommunication, t he  

i d e n t i f i c a t i o n  of  key parameters,  and r e s p o n s i b l e  and t ime ly  

e f f o r t .  The process  i s  i l l u s t r a t e d  by e x c e r p t s  from t h e  

r e c e n t  Manned Mission t o  Mars. 
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R y  the time a s t u d e c t  has f r r i s h e r l  n i s  updurgraduatc work 

I n  a modern curriculum in a n  enr!neering d i s c i p l i n e  sur,!, as 
a s t r o n a u t i c s ,  he has acquired c e r t a i n  s k i l l s  and backgroiind . 
H i s  knowledge i s  f i r m l y  based 01: s c i e n c e ;  t h a t  is ,  h i s  methods 
are der ived  from fundamental p r i n c i p l e s  with l i t t l e  of t h e  e m -  
p i r i c i s m  s o  familiar t o  s t u d e n t s  of the  handbook era of cngineer-  
i n g .  He has knowledge of and  some s k i l l  w i t h  a wide range of 
s o p h i s t i c a t e d  and e legant  n a t n e n a t i c a l  t echniques  and t o o l s .  
H e  i s  accustomed t o  so lv ing  e x p j i c i t  problems i n  which t h e  
t r a n s i t i o n  from p h y s i c a l  r e a l i t y  to mathematical  form has 
la rge ly  t een  done f o r  him and f o r  which there  are d i s t i n c t  and 
c l e a r l y  c o r r e c t  answers. He seldom is requ i r ed  t o  i n t e r p r e t  
s u c h  answers i n  t h e  con tex t  of a much larger and more d i f f i c u l t  
problem, and can u s u a l l y  neglec t  the  i n t e r a c t i o n  of h i s  analysis 
w i t h  t hose  of o t h e r s .  

These d i s t o r t i o n s  and shortcomings in the undergraduate  
educat ion of an engineer are n o t  e a s i l y  avoided.  a e f o r e  he can 
learn  t o  prac t ice  engineer ing  w i t h  a l l  i t s  elements of judgment 
and i n t u i t i o n  he  must learn the  manipulat ion of the t o o l s  of  
t h e  t r ade .  Thus he must concen t r a t e  on the a n a l y t i c a l  techniques,  
on the  i s o l a t e d  fundamental p r i n c ’ c i e s ,  on t h e  ClearlJr-stated 
i l l u s t r a t i v e  problems. H e  must urders tand  t h e  essenti2ls of 
t h e  bas i c  d i s c i p l i n e s  be fo re  he Cein begin t o  appreciate  t h e i r  
i n t e r a c t i o n s  and i n t e r r e l a t i o n s h i p s .  

To acquain t  t h e  s t u d e n t  w i t h  the problems and p r a c t i c e  of 
c r e a t i v e  engineer ing  the  f a c u l t y  i n  Aeronaut ics  and Astyonaut ics  
a t  the  Massachusetts I n s t i t u t e  of Technology has developed a 
course in S y s t e m  Engineering.  Th l s  course  r e q u i r e s  about  one- 
q u a r t e r  of a s t u d e n t ’ s  e f f o r t  over  a ha l f  of an academic year 
and is  a v a i l a b l e  t o  f o u r t h  year and pos t -graduate  s t u d e n t s .  
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During t h e  year  1962-63 t h e  s tude r , t s  completed a prel iminary 
des ign  and f e a s i b i l i t y  s t u d y  of a n  Equa to r i a l  Neather S a t e l l i t e  
System. The fol lowing year t h e  s.,irJect was a n  Advanced O r b i t a l  
Astronomical Observatory. T h i s  ras t  year  t he  p r o j e c t  was t he  
pre l iminary  design s t u d y  of a Manned Mission t o  Mars. 

These p r o j e c t s  may seem too  ambitious b u t  i n  f a c t  were 
eminently success fu l .  There was p a r t i c i p a t i o n  from s t u d e n t s  
and f a c u l t y  i n  o t h e r  departments o r  M.I .T .  such as C i v i l ,  
E l e c t r i c a l ,  Mechanical and Nuclear Engineer ing.  The s tuden t s  
organized on a team basis d i t h  a p r o j e c t  l eade r  and s u b s i d i a r y  
groups t o  provide spec ia l i zed  suppor t .  The s p e c i a l i s t s  had 

wide scope f o r  c r e a t i v e  and o r i g i n a l  e f f o r t  b u t  always w i t h i n  
t h e  contex t  of the  p r o j e c t .  The o v e r a l l  success  was soon 
found by the  s t u d e n t s  t o  depend rather s t r o n g l y  on the e f -  
f e c t i v e n e s s  of t he i r  intercommunications r a t h e r  than simply 
on t h e i r  i n d i v i d u a l  b r i l l i a n c e .  The absence of unique s o l u -  
t i o n s  t o  t h e  larger problems, t h e  need f o r  i d e n t i f y i n g  key 
parameters,  t h e  g ive  and take so  necessary t o  opt imiza t ion  
~ t '  t he  d e s i g n ,  t he  adapta t ion  of analyt ical  techniques t o  
phys i ca l  problems rather than the r eve r se ,  a l l  these ideas 
and more became p a i n f u l l y  obvious t o  t h e  s t u d e n t s .  Simul- 
taneously came the enthusiasm and s a t i s f a c t i o n  of d i scove r ing  
tha t  they were capable of making s i g n i f i c a n t  progress  on 
t h e i r  own. 

To e n r i c h  t h i s  process and t o  i n s u r e  completion w i t h i n  
t h e  l imi ted  time of f o u r  months, ha l f  a dozen members of the 
f a c u l t y  presented background l e c t u r e s  and were r e a d i l y  a v a i l -  
a b l e  f o r  c o n s u l t a t i o n .  Outstanding s c i e n t i s t s  and engineers  
from indus t ry  and government were i n v i t e d  t o  l e c t u r e  on t h e  
s t a t e  of t he  ar t  i n  p a r t i c u l a r  a r e a s  of i n t e re s t .  Usually 
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t h e  interchange between expe r t  and s t u d e n t s  was dynamic, 
s t i m u l a t i n g  and rewarding t o  both.  Much of t h e  success  of 
t he  entire course is  rooted i n  %he obvious enthusiasm of 
t h e  s t u d e n t s  i n  e x p l o i t i n g  t h e  freedom from detai led con- 
s t ra in ts  and i n  doing it  respons ib ly .  They were l imi t ed  
no t  so  much by t he  f a c u l t y  as by the  i n h e r e n t  p r a c t i c a l  con- 
f l i c t s  leading t o  design compromises. 

I n  o rde r  t o  i l l u s t r a t e  t h e  scope of the course,  t h e  recent 
Manned Mission t o  Mars w i l l  be used. T h i r t y  two s t u d e n t s  drawn 
from t h r e e  M.I.T. Departments were organized according t o  t h e i r  
i n t e r e s t s  and a b i l i t i e s  i n t o  groups and assigned r e s p o n s i b i l i t y  
f o r  major subsystems; communications, data process ing  and d i s -  
p lay ;  guidance, naviga t ion  and t r a j e c t o r i e s ;  p ropuls ion  and 
power; spacec ra f t ;  system i n t e g r a t i o n .  

The r e s u l t s  of t he i r  work were presented o r a l l y  i n  a frank 
and s t i m u l a t i n g  fash ion  complete w i t h  s l i des  and s c a l e  models 
t o  a n  audience drawn from indus t ry ,  government and educa t ion .  
A more complete r e p o r t  was w r i t t e n  and publ ished by the  s t u d e n t s  
i n  a volume of over  300 pages. The range and v a r i e t y  of t h e i r  
e f f o r t s  can be estimated from the  Table  of Contents of the re- 
p o r t  which i s  reproduced i n  reduced form as Table I. The sub- 
heading Mars Excursion Module under the chapter heading Space- 
c r a f t  has the f u r t h e r  con ten t  i nd ica t ed  i n  Table  11. The 
s p i r i t  of t h e  o v e r a l l  mission can be glimpsed i n  the fo l lowing  
quo ta t ion  from the f i n a l  r e p o r t .  

I 1  Mission P r o f i l e  
~ ~~~~~ ~ 

The m i s s i o n  launch window occurs  i n  August, 1983. The 
1984 oppos i t ion  was s e l e c t e d  f o r  t h e  mission because i t  o f f e r s  
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the p o s s i b i l i t y  f o r  bo th  inbound and outbound Venus f lybys ,  and 
because it was f e l t  t ha t  the necessary technologies  could be 
ready by that  time. Although the mission p r o f i l e  c a l l s  only 
f o r  an outbound flyby, t h e  r e t u r n  f lyby  is  a u s e f u l  a l te rna t ive  
t o  reduce E a r t h  e n t r y  v e l o c i t y  i n  the event  of d i f f i c u l t y  w i t h  
Ear th  r e t ro  propuls ion.  The mission window does n o t  f a l l  ex- 
a c t l y  on a m i n i m u m  of p ro j ec t ed  sunspot  cycles, b u t  it I s  near 
one on the  downward t r end ,  reducing the probable  o v e r a l l  radia- 
t i o n  dose.  Shielding against p o s s i b l e  s o l a r  flares must be 
provided i n  any event ,  s i n c e  p ro jec t ed  c y c l e s  cannot guarantee  
that  no flares w i l l  occur .  

The veh ic l e  designed t o  undertake t h i s  mission c o n s i s t s  of 
modules c lus t e red  around a c e n t r a l  200 f o o t  beam (see F i g .  1) .  
During the t r i p  t o  and from Mars the e n t i r e  crew l i v e s  and works 
i n  t h e  semi -cy l ind r i ca l  command module (COM). The c o n i c a l  Mars 
excursion module ( M E M )  l ands  three men on t h e  s u r f a c e  and later 
r e t u r n s  them t o  the main veh ic l e .  The winged Earth entry module 
(EEM) makes the f i n a l  passage i n t o  the E a r t h ' s  atmosphere. The 
f u e l  f o r  the s i x  nuc lea r  e n g i n e s  is stored I n  f o u r  c y l i n d r i c a l  
Earth escape f u e l  tanks, two s p h e r i c a l  Mars cap tu re  f u e l  tanks,  
and two smaller s p h e r i c a l  Mars escape f u e l  t anks .  

Designing f o r  the worst launch date of the twenty day window, 
t h e  v e h i c l e  has an i n i t i a l  mass i n  Earth o r b i t  of 2,783,000 
pounds. Inc luding  the t h i r t y  t o  f o r t y  day s t a y  on Mars, the 
o v e r a l l  miss ion  du ra t ion  is  f i v e  hundred days .  S i x  men are placed 
i n  o r b i t  about  Mars, three are landed on the  s u r f a c e ,  and a l l  s i x  
are re turned  t o  Earth." 

The s t u d e n t s  recognized r e a d i l y  the major Importance of the 
d e c i s i o n  t o  s imula te  g r a v i t y  by spinup of the  v e h i c l e  d u r i n g  most 
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p o r t i o n s  of the t r i p  as, f o r  i n s t ance ,  "Cost i n  mass i n  Earth 
o r b i t  due t o  e x t r a  s t r u c t u r e ,  f u e l  and subsystems requi red  t o  
s p i n  is  approximately 250,009$(" They wrestled r e a l i s t i c a l l y  
w i t h  the problems of mass d i s t r i b u t i o n  a t  var ious  s t a g e s ,  of 
m a i n t a i n i n g  E a r t h  communications and of nav iga t ing  from a 
s p i n n i n g  veh ic l e ,  and incorporated rea l i s t ic  s o l u t i o n s  i n  the 
f i n a l  des ign .  Fu r the r  i n s i g h t  i n t o  the i r  e f f o r t  can be gained 
from the a t tached  reproduct ions of a number of the s l ides  used 
i n  the  o r a l  p r e s e n t a t i o n .  From these it  is  apparent t ha t  data 
process ing  and communications were c e r t a i n l y  no t  s l i g h t e d  and 
the a c t u a l  exp lo ra t ion  of Mars was c a r e f u l l y  planned and pro-  
vided f o r  in t h e  design of t he  Mars Excursion Module. 

Cer ta in  f a c t o r s  seem q u i t e  essential  t o  the obvious success  
of such a systems design course.  It cannot be attempted on such 
a s c a l e  i n  an a s t r o n a u t i c a l  a r e a  u n t i l  t he  s t u d e n t s  have gained 
s u f f i c i e n t  background i n  t h e  major suppor t ing  d i s c i p l i n e s  of 
materials and s t r u c t u r e s ,  f l u i d  mechanics and heat t r a n s f e r ,  
propuls ion,  system dynamics, guidance and c o n t r o l ,  communica- 
t i o n s  and data process ing .  Interested s t u d e n t s  from o t h e r  pro-  
f e s s i o n a l  areas b r ing  complementary s t rength i n  many f ie lds  such 
as communications and nuclear  energy. These var ied  backgrounds 
must be accompanied by a s u f f i c i e n t  ma tu r i ty  t o  be able t o  ap- 
p r e c i a t e  the  i n t e r f a c e s  between areas and t o  communicate f r u i t -  
f u l l y  through them. There must be a w i l l i n g n e s s  t o  sea rch  o u t  
new data i n  new areas and the a b i l i t y  t o  e v a l u a t e  i t s  significance 
These f a c t o r s  are necessary t o  the se l f -conf idence  which is  a 
most important  i n g r e d i e n t ,  

Along with confidence,  there must be interest  and even en-  
thusiasm f o r  the p r o j e c t  among both  staff and s t u d e n t s ,  The 
timeliness of the chosen p r o j e c t  can do much t o  increase m o t i v a t i o  
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and here  t h e r e  is c e r t a i n l y  no r e s t r i c t i o n  t o  p r o j e c t s  i n  a s t r o -  
n a u t i c s .  Analagous system des igns  can be done i n  any area of 
e n g i n e e r i n g . '  Another p r o j e c t  c a r r i e d  o u t  concur ren t ly  w i t h  the  
Manned Mars Mission a t  M.I.T. was P r o j e c t  Transpor t  i n  which 
the f e a s i b i l i t y  of a highspeed unconventional t r a n s p o r t a t i o n  
system in the populous c o r r i d o r  between Boston and Washington 
was examined. 

It  is  i n t e r e s t i n g  t o  oDserve the  intercommunication process  
between the s t u d e n t  groups as they wres t l e  w i t h  t he  t e c h n i c a l  
pros  and cons of var ious  approaches and r e a l i z e  t ha t  what i s  
b e s t  f o r  communications may be puor f o r  propuls ion  o r  c o n t r o l  
and s t a b i l i z a t i o n .  They must  learn t o  suppor t  t h e i r  sugges- 
t i o n s  wi th  d a t a  and a n a l y s i s  and y e t  be w i l l i n g  t o  change t o  
meet the needs of o t h e r s .  Since they do no t  have large vested 
interests  l i ke  many of t h e i r  coun te rpa r t s  i n  i ndus t ry ,  the 
s t u d e n t s  perhaps enjoy more freedom t o  seek novel s o l u t i o n s  and 
make d r a s t i c  changes rather late i n  t h e  des ign .  After y e a r s  of 
i n d i v i d u a l  study and e f f o r t  they seem t o  r e l i s h  being p a r t  of a 
team i n  which each c o n t r i b u t e s  h i s  b i t  t o  the whole and is more 
e x p e r t  i n  it than anyone e l s e .  They a r e  q u i t e  conscious t h a t  
the system can only succeed i f  each group does i t s  par t  i n  a 
r e spons ib l e  fash ion .  

The de lega t ion  of r e s p o n s i b i l i t y  t o  r e l a t i v e l y  young 
engineers  i s  q u i t e  c h a r a c t e r i s t i c  of t he  fast -growing astronaut%- 
c a l  i n d u s t r y  where t r a d i t i o n a l  techniques o f t e n  have l i t t l e  p e r -  
t i nence .  Probably t h i s  knowledge is a n  a d d i t i o n a l  s t i m u l a n t  t o  
t h e  s t u d e n t s  t o  indulge vigorously,  c r e a t i v e l y  and coope ra t ive ly  
i n  a team e f f o r t .  Such an  incen t ive  might well be l ack ing  i n  
more t r a d i t i o n a l  a r e a s  of engineer ing  i n  which t h e  young graduate  
i s  expected t o  p u t  i n  numerous yea r s  of a p p r e n t i c e s h i p .  It 
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might a l s o  be lacking  i n  a soc ie ty  which r eve res  t r a d i t i o n  and 
age more than the  American s o c i e t y .  T h i s  would seem t o  have 
p a r t i c u l a r  pe r t inence  i n  those o lde r  c u l t u r e s  such 8s t h e  I n d i a n  
i n  which i n d u s t r y  is j u s t  coming i n t o  prominence. Y e t  the  need 
f o r  engineers  i n  such c u l t u r e s  so  f a r  o u t s t r i p s  the supply as 
t o  accentua te  t he  c o n f l i c t  between old and new. I n  preparing 
s t u d e n t s  f o r  p a r t i c i p a t i o n  i n  t h e  b a s i c  i n d u s t r i e s  such as s t e e l  
and e l e c t r i c  power and nuclear  power, the  systems design approach 
w i t h  a team e f f o r t  may be very p r o f i t a b l e  because the  s c a l e  of 
such engineer ing r e q u i r e s  cooperat ive in t e rp l ay  between s p e c i a l i s t  
groups whatever t he  s o c i e t y ,  

Perhaps the easy in fo rma l i ty  i n  t h e  r e l a t i o n s h i p  between 
the American s t u d e n t  and h is  t eache r s  is a major reason f o r  the 
success  of a systems d e s i g n  course .  D i r e c t  in te rchange  of ideas 
is n o t  s o  hampered by f e e l i n g s  and t r a d i t i o n s  of rank  and pos i -  
t i o n  as i n  many o t h e r  s o c i e t i e s .  The p r o f e s s o r  and t h e  e x p e r t  
from i n d u s t r y  a r e  a c t u a l l y  q u i t e  a c c e s s i b l e  t o  the s t u d e n t  who 
i s  comparatively s k i l l e d  i n  communicating wi th  such people .  The 
psychological  barriers are  n o t  so  high. 

For both the s t u d e n t  and the f a c u l t y  member t h e  systems de- 
sign course i s  i n  many ways analagous t o  a thes i s - type  of e f f o r t .  
However, t h e  one-to-one r e l a t i o n  between s t u d e n t  and t eache r  
c h a r a c t e r i s t i c  of t h e  thesis i s  here  expanded t o  a group-to-group 
r e l a t i o n s h i p .  O f  course such a r e l a t i o n s h i p  r e q u i r e s  organiza-  
t i o n ,  communications and a common agreed focus  on a n  integrated 
des ign .  It is n o t  pure research .  Rather i t  con ta ins  i n  reason-  
able propor t ions  many of the i ng red ien t s  essential  t o  the success-  
f u l  engineer ing of modern systems. 
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